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INTRODUCTORY LETTER. 



Enqineib Department, 

Washington f March 1, 1867. 

Hon. Jefferson Davis, 

Secretary of War, Washington. 

Sir : I have the honor to lay before you an account 
of some interesting experiments on the resistance to 
shot and shells, of masonry embrasures, which, on 
permission and authority granted by you, were made 
at West Point, in the years 1852-'53-'64 and '65. 

With the hearty concurrence and valuable aid of 
the several officers of engineers who, within that 
period, held the superintendency of the Military 
Academy, namely, Capt. Henry Brewerton, Col. R. 
E. Lee, and Major J. G. Barnard ; these experiments 
were conducted under my instructions, and most of 
the practical results obtained under my supervision. 

The following officers of engineers were employed 
in the construction of the embrasure targets, or in 
making notes, and keeping the record of proceedings, 
or in arranging the papers for the press, namely, 
Lieuts. Kurtz, Donelson, Gillmore, and Craighill. 
The drawings, and sketches of effects were, for the 
most part, made by Lieut. Gillmore, who made up 
the tabulated record of proceedings, introduced with 
little or no change in the following pages, and who 
also introduced into the official record, many beau- 
tiftil and expressive photographs, taken by his own 
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hands, of the targets in their successive states of 
injury and ruin. 

Majors G. H. Thomas and Fitz John Porter, of the 
Artillery, gave in succession very valuable aid in pre- 
paring for and directing the firings ; which, however, 
for a portion of the time, were in charge of Lieuts. 
Donelson and McPherson, of the Engineers. 

The results of these experiments, of great import- 
ance to the defensive system of the country, are 
entitled to entire confidence, and are of augmented 
value, on account of the scrupulous care and exact- 
ness with which all details were wrought out by the 
zeal and intelligence of the above named officers. 

Other officers of the army on duty at West Point 
assisted at different times at the experiments. 

The principal objects of the experiments were : — 

1st. To ascertain the effects of firing with solid 
balls, with shells, and with grape and canister, from 
heavy ordnance at short distances, upon various ma- 
terials used in the construction of casemate em- 
brasures. 

2d. To determine whether these embrasures might 
have a form that would shut out most of these mis- 
siles, and resist for a time the heaviest, without 
lessening the sector of fire, horizontal and vertical, of 
the casemate gun. 

3d. To determine the degree to which, without 
injury from the blast of the gun, or lessening its scope 
of fire, the throat of the embrasure and also the ex- 
terior opening might be lessened. 

4th. To determine whether all smaller missiles 
might not be prevented from passing through the 
throat into the battery; and whether the smoke of 
the blast of the gun might not also be excluded by 
simple and easily managed shutters. 

Other interesting matters were careftilly inquired 
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into, during the course of the experiments, and all 
results of interest noted in the record of the firings. 

I must not fail to report here that all the work on 
the targets, except that of masons, stone-cutters, and 
smiths, and all the labor of moving, mounting, and 
serving the guns, was done and performed by detach- 
ments of the Engineer Company, with great zeal, 
intelligence, and efficiency on their part, and with a 
material saving of expense to the government. 

For the order of proceedings, the results, and the 

practical deductions, I refer to the following report. 

I have the honor to be. 

Very respectftilly, 

JOS. G. TOTTEN, 
B^t Brig. Gen. and Col. Engineers. 



REPORT 



ADDBESSED TO THE 



HON. JEFFERSON DAVIS, 

SECRETARY OF WAR, 

On the effects of firing with heavy ordnance from 
casemate embrasures, and also the effects of 
firing against the same embrasures with various 
kinds of missiles, in the years 1852-'53-'54 and 
'55, at West Point, in the State of New York. 



CHAPTER I. 

INSTRUCTIONS AS TO BUILDING THE TARGETS — ^DESCRIP- 
TION OF SAME — ^AND TABLES OF FIRINGS FROM AND 
AGAINST THEM. 

SECTION I. 
General Description of the Two Embrasure-Targets. 

1. It is necessary to state in the first place, that SJj^J^get.". 
there were two embrasure-targets built, and experi- 
mented upon in succession. 

2. The firsts erected in the summer of 1852, and fcripflo/of 
destroyed by firing against it in the autumn of 1853, ^^''^'s^'- 
consisted of a wall about sixty-seven feet long, ten 

feet high, and five feet thick; containing six em- 
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brasures, which are designated in the following pages 

as Nos. 1, 2, 3, 4, 5, and 6 ; they are shown on Plate 

II., Figs. 1 and 2. 

?cript?on^of 3. And a second^ of about the same dimensions, 

secon tar- ^^^^^^^ '^^ 1854, and destrojed in 1855. This target, 

containing three embrasures, namely, Nos. 7, 8, and 

9, is exhibited on Plate III., Figs. 3 and 4. 

uAe?cn>" 4. As it may conduce to a clearer understanding 

tergJts, and of thc objccts iu view, the process followed, and the 

the results •' ' r ' 

septrate^^^* rcsults obtained ; the descriptions of the targets, and 
the tabulated results as to each, will be kept separate, 
the latter given in the order of proceedings. 
made from 5. Aud to asslst iu tho explanation, some extracts 
Dep?8>- will be made from the directions issued from the En- 
gineer Department for their construction. 



structious. 



SECTION XL 

Instructions for Building First Target — Description of 
Mortar and different Concretes used. 

fromTetter 6. lu tho iustructions of July 14, 1852, addressed 
Brewerton. to Capt. Heury Brewerton, then Superintendent of 

the Military Academy, West Point (N. Y.), it is said 

by the Chief Engineer : — 
?hJ!ud br** " I have long deemed it of great importance that 
SSaisTo?"^ " some decisive experiments should be made to ascer- 

embrasurei. *• 

"tain, of the materials generally applicable to the 
" construction of embrasures for casemate guns, which 
" is the better in reference to the effect thereon of an 
" enemy's fire ; and I have now obtained the consent 
" of the Hon. Secretary of War that some experi- 
" ments of that nature should be made. 
m^'jir^^ 7. "A range of 200 yards will sufiice ; and is, per- 
■^ ^^ ^'^ ' «< haps, the best for the objects in view. These objects 
" are principally two, namely, to ascertain — 
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1st. The effects of solid shot from guns of large ut object. 
" calibre upon different kinds of masonry around the 
" embrasure, and especially upon the material consti- 
" tuting its outer edges and the flaring surfaces, and 
" also the effects upon the throat of the embrasure. 

"2d. The effect of ^rape and canister shot upon 2d object, 
"the outer surfaces and throat, and the number of 
"balls that pass, either directly or by reflection, 
" through the embrasure into the casemate. 

" And it may be advisable to profit by the oppor- 
"tunity in making, 3dly, some trials of the effects, sd object. 
" upon the same materials, of shells fired horizontally. 

8. "In order to the execution of these obiects. General di- 

•' ' mensiona of 

" there has been prepared in this office, and approved ^'»«* 
" by the Secretary of War, a drawing of a masonry 
"target 6T 8^ long, 6 feet thick, and 10 feet high 
" above the foundations ; containing six gun embra- 
" sures of dimensions adapted to casemated batteries. 

9. '^Embrasure No. 1, being that on the right, anbraeuw 

*^ *^ No. 1. 

" looking at the target, will be made of large blocks 
" of granite, rough hammered on the faces, but with 
" well cut beds. 

10. ^^ Embrasure No. 2 will be made of cement- Embrasure 

No. 2. 

"concrete; and will be surrounded by granite ma- 
"sonry. Both these embrasures (and also No. 6) 
"are of the general form and dimensions of those 
" last constructed in the fortifications ; and like those 
" formerly constructed, excepting that the exposure is 
" made somewhat less, by rounding the junctions of 
" the cheeks with the sill and lintel. 

11. ^^ Embrasure No. 3 is made of cement-concrete: Bmbrasnre 

No. 3. 

" and is surrounded partly by the same kind of con- 
" Crete, and partly by rubble-stone masonry. The 
" throat of this embrasure is materially lessened ; and 
" is formed by a mass of wrought iron eight inches 
" thick, composed of sixteen plates each half an ;inch 



38 



CASEMATE EMBRASURES. 



Embrasure 
No. 4. 



Embrasure 
No. 5. 



"thick; and the outer concrete cheeks are notched, 
"so as not to present oblique surfaces to an enemy's 
" missiles. 

12. '^ Embrasure No. 4 is made of asphaltic-con- 
" Crete, and is surrounded by rubble-stone masonry. 
" One-half the throat and one cheek are like No. 3. 
" The other cheek, including the throat, is provided 
"with three wrought iron plates, each 6" by 2"; the 
" cheeks being notched, to expose parts of the surface 
" of these plates, in planes parallel to the face of the 
" wall. 

13. '^Embrasure No. 6 is composed of blocks of 
"lead-concrete on one side, and of cement-concrete 
" on the other — all being embedded in a brick wall, 
"or rather a wall of rubble masonry, faced with 
" bricks ; both the outer cheeks of this embrasure will 
"be notched and supplied with plates of wrought 
" iron 6" by 2", like those last described in embrasure 
" No. 4. 

14. '^Embrasure No. 6 will be made of brick work; 
" and surrounded by brick work backed with rubble 
" masonry, 

15. "To lessen expense, the details of tongue holes, 
" pintle holes, and other matters necessary to the ser- 

omitted. &c. ,, • /» • i tjj^ a •^ i • 

"vice of guns m embrasures, but not contributing 
" to the strength of the wall, will be omitted, except 
" in embrasure No. 3 ; and this must be fitted to re- 
" ceive a gun, in order to try the efiect of the blast upon 
" the throat irons — this being the first experiment to be 
" made. Of course the ground behind this embrasure 
" must be levelled, and some planks pinned down to 
"the earth to serve as traverse circles. It will be 
" necessary also, probably, to throw up a small mound 
"of earth to receive the balls fired from the em- 
" brasure. 

16. "With the same object of lessening expense, 



Embrasure 
No. 6. 



To lessen 
expense, 
certain de« 
tails to be 



Other means 
to lessen ex- 
pense. 
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"the back face of the wall will be laid up of the 
"cheapest material. This may be rubble masonry, 
" but if a facing laid with common bricks will be less 
"expensive, such should be adopted. ♦ ♦ ♦ ♦ 
" Behind the target, and at the distance of about three ^^^^^^J"" 
" feet, there should be erected a rough board fence to llt!""^ **'" 
" show the marks of all balls or fragments that pass 
" through the embrasures. ♦ ♦ * ♦ 

17. " The engineer company should construct the ^;g°J5' ^^ 
" platform for the gun that is to be used against the Ji"piat- 

" target. If you have a 32 pdr. or a 42 pdr., either '''°'* 
"will answer. The same company should lay the 
" plank traverse circles for the casemate gun of em- 
" brasure No. 3 ; any gun that you may have mounted 
" on a casemate carriage will do for this service. I 
" mean, of course, 24, 32, or 42 pdr., or 8 inch colum- 
"biad. * ♦ ♦ * 

18. " On further consideration it is deemed better emb?Su?e 
" to make one of the outer cheeks of embrasure No. 3 ^'** ^' 

" of bricks ; leaving the other cheek as before stated, 
"of cement-concrete, the sole and lintel being of 
" cement-concrete." 

19. In building the targets, the mortar used in JJ^^^p^JJ'' 
laying the stones and bricks, and in compounding the 
cement-concrete, was composed of one measure of 
cement* in dry powder, and one of clean sharp sand. 

20. The '^ cement-concrete^^ was made by mixing ^>?««'^p«o»^ 

•^ O of cement- 

with rather small fragments (say from half a cubic ^^""«^«- 
inch to six cubic inches each) of bricks or stones, 
clear of all dirt, a quantity of the mortar just de- 
scribed, somewhat greater than the measure of the 
void space in the bulk of fragments. 

* The term " cement" is applied in these notes, as generally in this country, to a 
material possessing considerable hydraulic energy. The test applied to inspections 
under the Engineer Department, requires generally that a cake made of pure cement, 
immersed in water before hardening, shall in a few minutes, support a wire j'gth of an 
inch in diameter, loaded with the weight of one pound. 
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^o'ncMte.'^ 21. The '^ asphaltic-concrete'^ was composed of like 
fragments of bricks or stones, into which was poured, 
while hot, a quantity of asphaltic mastic rather ex- 
ceeding the measure of the void spaces — the propor- 
tions in the mastic of pure asphalt to the " calcaire," 
being such that the mastic would retain its form in 
the face of the summer's sun at West Point. 

Crete"''**''" 22. The ^^ lead-concrete*^ was formed of like frag- 
ments and in like proportions. The fragments were 
well heated before being poured into the mould, and 
the melted lead was added immediately. 

eaiiirlppii- 23. There was no practical difficulty in making 

^^' these blocks of lead-concrete, and asphalt-concrete, in 

place; giving to them accurate forms and dimensions, 
with surfaces even, and free from hollows. 

emiSSiw 23 bis. In Figs, a and 6, Plate IV., are exhibited 
the details of wrought iron shutters that were mounted 
by hinges upon the iron throat plates of embrasure 
No. 3. 



No. 3. 



FIRING FROM FIRST TARGET. 
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SECTION III. 

Tables, from 1 to 1 incltcsive, of firings from and against the 
Embrasures of 1st Target; and remarks upon Table No. 1. 

Table No. 1. 
FmiNQ FROM 1st Target, through Embrasure No. 3, to test the effect 

OF the blast of the gun UPON THE EMBRASURE. 





Onn, 42 pdr. 


: Length 10' 9" 


: Weight 8465 lbs. Casemate Carriage. 


0« 


1 




1 


1 
1 


s 


Eemakk*— November 11, IMS. 


No. 


IbB. 


lbs. 




degrees 






1 


42 


10 


BaU 





Direct 


No effect, except partially closing the shutters. 
They were found ajar, after the discharge. 


2 


42 


10 


Ball 





80 

Oblique 


No effect, except partially closing the shutters. 
The joints between the iron plates and the 
brick and cement on either side unaltered. 


3 


42 


10 


BaU 





160 

ObUque 


No effect, except partially closing the shutters. 
The joints between the iron plates and the 
brick and cement on either side unaltered. 


4 


42 


10 


Ball 





220 
Oblique 


The shutters remained open, perhaps because 
the mound erected in front to receive the 
shot, being considerably blown away by the 
previous discharges, the blast was diminished. 
The joints around, and exterior to, the throat, 
showed no tendency to open, nor any move- 
ment whatever. 


5 


42 


10 


Ball 





30O 
Oblique 


No effect upon the embrasure. One shutter 
closed after the discharge; the marks left 
upon Ihe salient of the offsets nearest the 
shutters, indicated that the tendency of the 
blast to press them further open must have 
been very severe. 


6 


42 


10 





5 


Direct 


Thick wad of turf instead of Ball. No effect 
upon the embrasure. The Gunner nearest the 
piece thought the shutters closed at the dis- 
charge and then rebounded. They remained 
partly open. The marks upon the comers of 
the nearest offiset considerably enlarged, re- 
sembling the effects of a blow from a hammer. 
The straps of the hinges are the only portions 
of the shutters which can be put in contact 
with the ofbets. 
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Table No. 1 — Continued, 



«4 
o 

0<a 


1 


II 




1 


1 


Eemaeks— NoTember 11, 1853. 


No. 


lbs. 


lbs. 




degrees 






7 


42 


10 





5 


Direct 


Thick wad of turf instead of Ball. No effect 
upon the embrasure. Some moist clay, of the 
consistence of dough, was placed (before the 
discharge) against the exterior of the gorge 
plate, to show whether the shutters actually 
closed or not. From this it was ascertained 
that only one of them closed entirely. They 
were both found ajar after the discharge. 
The marks of their concussion against the 
salient of the nearest oflFset enlarged. 














N. B.— The particular eflFect of this series of 
shots upon the shutters was to strain the 
straps of the hinges at the rivets nearest the 
eye, causing the shutters to bind against the 
gorge plate, and thus prevent their closing 
perfectly. It was probably occasioned by the 
blast taking effect partly behind them, through 
the opening between them and the gorge plate, 
and tending to force them from their fasten- 
ings. The striking of the shutters against the 
offset may have assisted in producing the 
same thing. The strain upon the straps of 
the hinges was confined almost entirely to the 
lower ones. 



NoinjarlotLS 
effect from 
blast of gun 
upon embra- 
sare No. 3. 



Not 80, how- 
erer, with 
shatten. 



Before proceeding to the results of subsequent 
firings at the 1st target, it may be well to remark on 
those recorded in the table just given, 

24. Upon this embrasure (No. 3), of which the 
outer cheeks were of cement-concrete on one side, 
and of brick work on the other, no injurious effect 
whatever was produced by the blast of the gun, when 
fired directly to the front, or when traversed as much 
as 30 degrees from the directrix ; or when elevated 5 
degrees — ^which was all that the embrasure would 
allow. In respect to the form, dimensions, and mate- 
rials, of the embrasure itself, the results were perfectly 
satisfactory, 

25. But it was not so with the shutters. These 
consisted of two leaves, and were found to be not 
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strongly enough hinged to the vertical throat irons. 
Nor were they truly centered on their hinges, even 
before they were deformed by the firing. 

26. It was clearly shown, however, that shutters shutters, 

•^ . like these, 

mounted like these, and as light — ^however it may ^^^^if^""^^' 
prove to be with heavier ones — ^will, if well centered, 
always close spontaneously on the discharge of the 
gun : some device being necessary, however, to keep 
them from opening again, by rebound. 

27. Moreover, subsequent firing against these shut- ^f f^^f ^*- 
ters — which were made of V boiler iron" half an inch SisTmisri'ts 
thick — ^proved them to be too weak to resist, without urgtTthin 
being deformed, and thereby rendered useless, any ^'^^' 
missile fired from a large gun, within a short distance, 

if harder and larger than a musket ball. See in the 
following tables, the firings Nos. 14, 20, 21, 22, 25, 
28, 47. 

28. The tables 2, 3, 4, 6, 6, and 7, which follow, Jabie^of 
give the efi'ects of firing against the 1st target with ?ftt^t. 
large and small canister shot ; with grape shot ; with 
musket balls in canisters; with spherical case shot; 

with solid shot, and with shells. 

29. The terms "right" and "left," used in all the Tems 

" ' "right" and 

tables of firing at the target, mean the right and left i^g^^'the*^" 
hand, when looking at the target from the battery. **'*^'' 

30. In the tables of firings from the target, the Jerms^^^ ^^^ 
same terms mean the right and left hand, when look- ing/rJl^ the 
ing out of the target embrasures, to the front, at the *"*^*' 
battery. 

31. In figures, the single dash at top indicates feet ^^si^^^ 
—the double dash, inches ; for example, by 3' 6", is gJJS.'"''" 
meant 3 feet 6 inches. 
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Table No. 2. 
Firing against first Target with Canister Shot weighing li lbs. each. 



Gun 42 pdr., length 10' 9", weight 8,465 lbs. 
Platform level with bottom of target. 
Axis of gnn 4 feet above platform. 



Total weight of canister 48 lbs. 
Number of shot in canister 27. 
Mean diameter of each shot 2^ inches. 



•s 

0«rt 


1 


o . 

It 


1 

I 




i 


s 


1 




No. 


lbs. 




kind. 


lbs. 


degree. 


yds. 


at 




8 


42 


i 


Can»r. 


48 





200 


No. 3 


In all, 7 shots struck the target. One 
tore oflF the corner of the outer right 
oflFset of No. 3, breaking pieces from 
5 bricks, but went no further. One 
struck concrete of No. 3, on the left 
upper exterior edge, making an im- 
pression or crater, 7 inches diameter 
by 3 inches deep. (Plate V., Fig. 6.) 
Four struck stone work, producing 
no eflfect. One struck left outer edge 
of concrete of No. 2, making a crater 
10 inches diameter by 2J inches 
deep. (Fig. 5.) 


9 


42 


i 


Can'r. 


48 





200 


No. 1 


In all, 9 shots struck target. Six struck 
the outside stone surface near Nos. 
1 and 2, without effect. One struck 
on the left exterior solid angle of con- 
crete of No. 3, knocking off an irre- 
gular mass about 16 inches high by 
9 inches broad. Two, on the right 
hand lower curved portion of face of 
No. 1, producing no effect on the 
stone, but passed in, one making a 
mark, by ricochet, on the inside 
lintel ; on the screen behind were 13 
holes, all made by fragments of these 
broken shots, all to the left of the 
axis of embrasure — ^the extreme one 
4f 10" distant ; they were spread over 
an area of 4 feet by 3 feet. 


10 


42 


i 


Can'r. 


48 


i 


200 


No. 1 


Nine shots struck target. One passed 
through No. 1 without touching, 8 
struck the granite face without effect. 
One struck concrete key of No. 2, 
crater 6 inches diameter by 2J'' deep. 
(Fig. 7.) 


11 


42 


i 


Can'r. 


48 


i 


200 


No. 1 


In all, 9 shots struck target. One on 
the inside of the upper left hand 
curved surface; reflected through, 
making 2 holes in screen with its 
fragments. One struck concrete face 
of No. 2, crater 8" diameter, 1" deep. 
Eight struck face of stone work with- 
out effect. 



FIRING AT FIRST TARGET. 
Table No. 2 — ConHnued, 
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o 
0«a 


S 


H 

U p. 


t 


if 


1 


s 

1 


o 


SEMARKS-Norember 14, 1863. 


No. 


lbs. 




kind. 


IbB. 


degree. 


yds. 


at 




12 


42 


i 


Can'r. 


48 


} 


200 


No. 2 


Eight shots strack. Two stmok con- 
crete of No. 3 on outer face, making 
holes 10'' diameter and ^' deep. No 
other effects. 


13 


42 


i 


Can»r. 


48 


i 


200 


No. 2 


Ten shots struck stone facing without 
effect. One struck concrete face of 
No. 3, with little. One passed through 
No. 2 without touching. In aU, 11 
shots hit target. 


14 


42 


1 


Can'r. 


48 


i 


200 


No. 2 


Five shots hit the target. One hit the 
right cheek of No. 1, without effect 
on the stone, but passed through in 
fragments, making 5 holes through 
screen over a surface of about 3i feet 
in diameter, and marking the screen 
with many smaller fragments, any 
one of which would wound, and pro- 
bably some of them kill. One struck 
No. 3 on right hand offset, breaking 
off about ^ of two bricks, and stopped. 
Two struck the shutter of No. 3; they 
were stopped, producing curved in- 
dentations from ^ to j inch deep. 
One struck left outer edge of No. 2, 
glanced to the opposite cheek, near 
throat, and stopped. 
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CASEMATE EMBRASURES. 



Table No. 3. 
Firing against 1st Target with Canister Shot op 5j\tr ounces each. 



Gun 42 pdr., length 10' 9", weight 8,465 lbs. 
Platform level with bottom of target. 
Axis of gnn 4 feet above platform. 



Total weight of canister 48 lbs. 
Number of shot in canister 86. 






3 ^ 



i 



i% 



1 



Remarks— November 15, 1853. 



No. 



lbs. 



kind lbs. 



degrees 



yds. 



15 



42 



Can'r. 



48 



200 



No. 2 



Twenty-three shots struck the target, 
and one passed through No. 2 without 
touching. Effects of principal shots 
as follows: One struck concrete to 
the right of No. 2 on the outer face 
of wall, giving a crater of 3" dia., 
2" deep. (Fig. 8, Plate V.) One 
struck concrete key of No. 2, little 
above lower edge, giving crater 3" 
dia., 3 J" deep. One struck con- 
crete to the left of opening of No. 
2, giving a crater 3" dia., and 1}" 
deep. Two struck concrete wall, to 
the right above No. 3, giving a single 
crater 5" dia., and 3'' deep. One 
struck right comer of right-hand 
shutter of No. 3, then glanced to 
gorge plate, making a slight impres- 
sion, and rebounded to first offset, 
knocking off the^ comers of 2 bricks. 
Two shots struck to the. right of No. 
5, in the joint between concrete and 
brick work, giving craters 3" to 4'' 
dia., and V to 1}" deep. One struck 
exterior portion of right cheek of No. 
1, broke, and passed in fragments 
through the screen, making 5 holes 
on left of axis, the nearest one 3' 
from it. Numerous small holes were 
made by these fragments in the 
screen, besides those enumerated. 



16 



42 



^ 



Can'r. 



48 



200 No. 2 



Twenty-nine shots struck the target, 
and one went through No. 1 without 
touching. Principal ones as follows : 
One struck the left outer edge of sole 
of No. 1, knocking off a small piece 
of granite, then glanced up to the 
roof and stopped. Two shots in the 
concrete of No. 3, outer face of wall, 
crater about 4" dia., and 2 J'' to 3" 
deep. One shot in left outer edge of 
No. 2, enlarging old fracture. One 
shot in concrete of No. 3, to the left 
above, enlarging old crater ; and one 
invthe asphalt key of No. 4, near the 
top, giving crater 5" dia., IJ'' deep. 
(Fig. 18.) 



FIRING AT FIRST TARGET. 
Table No. 3 — Continued. 
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Rbmabks— November 15, 1853. 


No. 


lbs. 




kind 


lbs. 


degrees 


yds. 


at 




17 


42 


i 


Can'r. 


48 


. 3 


200 


No. 3 


Forty shots struck the target. One 
passed through No. 1 without touch- 
ing. One passed through No. 2 with- 
out touching. Five shots in concrete 
of No. 2, on outer face of wall, giving 
craters about 4" dia., and 1^" to 2" 
deep. (Fig. 9.) One shot in concrete 
key of No. 3, increasing the depth of 
old crater to 5'^ Six shots in con- 
crete of No. 3, outer face of wall, 
giving craters about Z" dia., 2" deep. 
One shot struck the right outer edge 
of asphalt No. 4, knocking off a mass 
T' high and 4" broad. One shot 
struck the right upper edge of asphalt 
of No. 4, broke off a small piece, then 
glanced to outer offset, knocked off a 
comer, and stopped. One in con- 
crete, to left below opening, crater 
3'' dia., 2i" deep. One in joint above, 
the shot remaining in the fracture. 
Two shots in lead concrete, outer face 
of wall of No. 5, giving a crater equal 
in width and depth to the diameter 
of the ball. (Figs. 20 and 21.) One 
shot struck left cheek near the outer 
edge, glanced to the first bar, and 
stopped. Several shots in the brick 
wall around No. 6, producing craters 
about 2" dia., and IJ 4o 2" deep. 
(Figs. 16 and 17.) 


18 


42 


i 


Can'r. 


48 


1 


200 


No. 3 


Thirty-five shots struck the target. One 
in concrete of No. 2, outer face of 
wall, giving crater 5" dia., and 2" 
deep. One in concrete sill of No. 3, 
at bottom, crater 5" dia., IJ" deep. 
(Fig. 10.) One in concrete of No. 3, 
outer face of wall, near the top. One 
near the bottom of the asphalt. No. 
4, crater V dia., and ^" deep. (Fig. 
19.) One shot in lead concrete jamb 
of No. 5, crater, width and depth of 
diameter of ball very nearly. One 
shot struck the left throat plate, and 
stopped, making a very slight inden- 
tation on the iron. 


19 


42 


i 


Can'r. 


48 


1 


200 


No. 3 


Thirty-three shots struck the target. 
Two shots in concrete sill of No. 3, 
outer face of wall, crater 5" dia., and 
li" deep. One on the left jamb outer 
face of No. 3, enlarging the former 
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CASEMATE EMBRASURES. 
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Bemarks— Noyember 15, 1853. 


No. 


lbs. 


kind 


lbs. 


degrees 


7d8. 


at 


• 


















fracture. Three in concrete of No. 
3, on outer face of wall, to the left 
above, two of them forming one crater 
10" to b'f dia., and 2\" to SJ" deep; 
the third crater b" dia., and ^" deep. 
(Fig. 11.) One struck the right outer 
edge of asphalt of No. 4, 4" from the 
edge, producing cracks i" or 8" long, 
extending to the edge. One shot 
struck the right outer cheek of No. 
6 (brick), and then glanced through 
the screen, to the left of the axis, 
without breaking. 


20 


42 


4 


Can'r. 


48 


f 


20,0 


No. 4 


Forty-one shots struck the target. In- 
side the opening of No. 4 were 5 
shots, viz: One shot struck inner 
right hand offset, at re-entering angle; 
knocking off a mass VJ" high, 5" to 
6" broad, and then stopped on gorge 
plate. One struck right shutter near 
the bottom, making a slight indenta- 
tion through the two thicknesses of 
boiler iron. One struck left shutter 
(J'/ thick) making an indentation J" 
deep, and cracking open the plate. 
One struck left gorge plate, broke in 
pieces, making a very slight indenta- 
tion, but producing no other effect. 
One shot struck the edge of this 
plate, then glanced to the left shut- 
ter, making a slight indentation. No 
marks on the screen behind No. 4, 
or on the inner portions of the cheeks. 

. One shot struck inner right hand off- 
set, knocking off parts of 2 bricks, 
4." in height, then glanced to the 
gorge plate, where it made a very 
slight indentation. One on concrete 
sill of No. 5, knocking off a mass 6" 
or T' broad, and 2" to Z" deep. 


21 


42 


i 


Can'r. 


48 


1 


200 


No. 5 


Thirty-Jive shots struck the target. Two 
shots struck the inside of No. 3, one 
of them on the right shutter near the 
hinge, making a slight indentation, 
the other on the hook above, then 
glanced to the gorge plate, then to 
first offset, and stopped, making a 
slight indeiftation on the iron. One 
shot struck the lap of the right shut- 
ter, cut out a piece one-half the size 
of the ball, glanced to the left shut- 



FIRING AT FIRST TARGET. 
Table No. 3 — GonHnued. 
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•November Iff, ISffS. 



No. 



lbs. 



kind 



degrees 



yds. 



ter, broke in pieces, but went no far- 
ther, leaving a small impression on 
the left shutter. Two shots struck 
the lead concrete of No. 6 to the left 
below on exterior surface of the wall, 
one remained imbedded a little more 
than its own thickness. 



22 



42 



Can»r. 



48 



200 



No. 6 



Forty shots struck the target. Two 
shots struck the outer comer of con- 
crete in No. 3, glanced and stopped 
without touching the shutters, knock- 
ing off a small portion of concrete. 
In No. 4, one shot struck the upper 
comer of the left gorge plate, broke, 
and then glanced in pieces to the 
left shutter, and across to the oppo- 
site gorge plate, and stopped; very 
slight impression on the shutter. In 
No. 4 also one shot struck the as- 
phalt on left hand comer, crater 6^' 
dia., 2}'' deep. In No. 5, one shot 
struck concrete cheek, glanced to the 
middle plate, and was stopped. One 
shot struck the shutters at their 
junction, spread them open, breaking 
two hinges off the right shutter, and 
strained the left shutter hinges ; no 
marks of further progress. (These 
shutters are single i'^ plate.) One 
struck in No. 5 at the upper right 
comer and stopped. Three shots in 
lead key with the usual penetration. 
One in lead joint on the left below, 
with the usual penetration. One 
shot struck the right outer cheek of 
No. 6, broke in two pieces, and passed 
through the screen at the left ex- 
treme range. One struck left outer 
cheek near the throat, glanced within 
2'' of inner opposite comer, and pass- 
ed through the screen without break- 
ing. Two shots struck the sill near 
the sole and stopped, knocking off 
comer of one brick each. 
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CASEMATE EMBRASURES. 



Table No. 4. 

FmiNG AGAINST IST TARGET WITH GrAPE ShOT — EACH WEIGHING 4.20 LBS. 



Gun 42 pdr., length 10' 9'^ weight 8,465 lbs. 
Platform level with bottom of target. 
Axis of gun 4 ft. above platfonn. 



Total weight of stand of grape 51;^ lbs. 
Number of shot in each stand 9. 
Biam. of each shot 3.17 inches. 
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Ekmarks— November 15 and 16, ISOa 


Wo. 


lbs. 




kind 


lbs. j degrees ' yds. j at | 


23 


42 


i 


Grape 


51i 


i 


200 


No. 6 


4 shots struck the target, one to the 
left below No. 6, crater 8'' dia. 5'' 
deep (Fig. 14); shot rebounded — 
one on the left end of the target, 
crater 9" dia. 4^" deep, cracked a 
mass 4' 1'' in height, reaching from 
the hole to the edge, also a crack 
from the hole to the top of the wall 
to the right. 


24 


42 


i 


Grape 


51i 


i 


200 


No. 6 


4 shots struck the target, one on the 
outer right comer of sole of No. 6, 
knocking off a mass 4" deep and 8'' 
dia.— one on the outer edge of sole 
of No. 6, glancing to the upper in- 
terior edge, where it made a small 
cut, and then passed over the screen 
without breaking. Another shot in 
the brick work on the outer face of 
the wall ; crater 8" wide by 4'' deep 
(Fig. 13) ; one on the left edge of 
the wall of the target, cutting out a 
segment about 5 to 6 inches high 
and 4 inches broad. 


25 


42 


i 


Grape 


51i 


i 


200 


No. 5 


6 shots struck the target— one struck 
concrete sill of No. 5, 1' below sole, 
crater 1' 1'' dia. 4'' deep— one struck 
the edge of the middle plate, left 
hand side, glanced to the edge of the 
throat plate making a small notch 
about i inch deep in each, and then 
passed through the embrasure, car- 
rying away the right shutter; two 
hinges of which were previously 
broken off — one passed directly 
through the left shutter (J'' iron) of 
No. 5, knocking a board off the 
screen behind, and filling the screen 
with many fragments of the shutter 
—one struck the right hand centre 
cheek of No. 6, and glanced through 
the screen, to the left of axis about 
3^ without breaking. 
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No. 


lbs. 




kind 


lbs. 


degrees 


yds. 


at 




26 


42 


* 


Grape 


61i 


i 


200 


No. 5 


5 shots struck the target direct, and 2 
by a ricqphet, a splinter from the 
bottom of the stand struck the lead 
work of No. 5, and stuck there. 
One struck the brick to the left 
above No. 5, crater, dia. size of the 
ball and 2^" deep, cracking the brick 
work 8" or 10" around. 


27 


42 


i 


Grape 


51* 


i 


200 


No. 4 


3 shots struck the target ; one struck 
the concrete above No. 3, crater 1' 3'' 
dia. 3" deep. (Fig. 12, Plate V.) A 
mark made on the granite above No. 
1, to the left. One struck the lower 
part of concrete sill of No. 5, at junc- 
tion with the lead, crater 4" dia. and 
3" deep. 


28 


42 


i 


Grape 


61i 


i 


200 


No. 4 


6 shots struck the target, one to the 
left above No, 3, in the concrete, 
enlarging the old fracture consider- 
ably, making it IJ^ or 2' in length- 
one in the granite between Nos. 3 
and 4, cracking the block slightly, 
but little penetration— one passed 
through the left shutter of No. 4, 
and .through the screen, making 
several holes by the fragments of 
the shutter— one struck between the 
concrete and the brick, below No. 5, 
crater 1' 3" dia. and 3" deep. Others 
hit the granite but produced no 
effect. 


29 


42 


i 


Grape 


51i 


i 


200 


No. 4 


5 shots struck the target, one struck 
the lead concrete lintel of No. 6, 
crater dia. of the ball, depth f dia. 
of the ball— one struck the outer 
edge of the concrete sill of No. 5, 
glanced and struck the upper inner 
edge, and then passed through the 
screen without breaking. (Figs. 22 
and 23.) 


30 


42 


i- 


Grape 


51* 


i 


200 


No. 4 


3 shots struck the target, one struck 
the iron gorge plate of No. 4, on the 
right, near the junction with the 
offset, carrying away part of the off- 
set, and making an indentation on 
the iron not quite ^' deep, and was 
stopped. The other two struck the 
granite. 
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CASEMATE EMBRASURES. 
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No. 


lbs. 




kind 


lbs. 


degrees 


yds. 


at 




31 


42 


k 


Grape 


51i 


i 


200 


No. 3 


4 shots struck the target. The only one 
of interest was in No. 3, where the 
shot struck the right outer edge of 
concrete sill, tore out a mass 11" 
wide and 6'' high, and then glanced 
up, and struck the inner offset on 
the right side, tore oflf the comers of 
4 bricks, and stopped. All the frag- 
ments which this shot created were 
stopped by the shutters. 


32 


42 


i 


Grape 


51* 


i 


200 


No. 2 


Only 1 shot struck the target, viz., on 
the granite above No. 1, no eflfect. A 
fragment passed through No. 2, into 
the screen, probably from the stand 
of grape. 


33 


42 


i 


Grape 


61J 


i 


200 


No. 2 


3 shots struck the target. No import- 
ant effects. 


34 


42 


i 


Grape 


61i 


i 


200 


No. 2 


5 shots struck the target, one directly 
under No. 1, and cracked the comer 
oflf the granite block 8" or 10"— one 
struck the top of the brick wall over 
No. 5, and took oflf 4 or 5 bricks. 


35 


42 


i 


Grape 


51i 


1 


200 


Between 
1&2 


6 shots struck the target. The only one 
of importance, struck the upper 
outer edge of No. 3, between the 
brick and concrete, knocking oflf a 
mass *l" broad and 3" deep. A frag- 
ment of the stand passed through 
No. 2, into the screen, but not 
through it. 


36 


42 


i 


Grape 


51J 


1 


200 


Between 

1&2 


5 shots struck the target, and 2 passed 
through Embrasure No. 1, into the 
screen without touching. No im- 
portant eflfeots. 


37 


42 


i 


Grape 


51i 


f 


200 


Between 
1&2 


5 shots struck the target. The only one 
of consequence, struck the concrete 
lintel of No. 2, 1' above outer edge ; 
crater V wide and 3" deep, and 
cracked oflf a mass V 3" long and 4" 
thick, down to the roof of the em- 
brasure—one in the brick jamb of 
No. 3; little eflfect, crater only 3" 
dia. and 1^" deep. (See Fig. 15.) 
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Table No. 5. 

FiRINa AGAINST IST TARaST WITH SpHBRIOAIi CaSB ShOT. 



Gun 42 pdr., length 10' 9", weight 8,465 lbs. 
Platfonn level with bottom of target. 
Axis of gxm 4 feet above platform. 



No. of mxtsket balls in each shell 806. 
Bursting charge of powder 9 ounces. 



II 


1 


II 


I 


is 
II 


1 


1 


1 


RBituuta— November 16, 1853. 


No. 


lbs. 




kind 


IbB. 
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7d8. 


at 


1 


38 


42 


i 


S.Case 


39 


1 


200 


No.l 


The shell passed through Embrasure 
No. 1, without touching, and burst a 
short distance beyond. 


39 


42 


i 


S.Case 


39 


1 


200 


Right 
cheek, 
No.l 


The shell struck the angle at the throat, 
on the right-hand side at the spring- 
ing of the upper curved surface — 
burst in the embrasure immediately 
after striking, carrying away an en- 
tire panel of the screen 6' 4" wide, 

with its fragments on the ground 
and bushes beyond. A small piece 
of granite was broken off the solid 
throat angle of the embrasure, and 
numerous marks of fragments on 
the sole inside of the throat. 


40 


42 


i 


S.Case 


39 


1 


200 


Right 
cheek, 
No. 2 


The shell struck the angle at the throat, 
on the right hand side, a little above 
the springing of the upper curved 
surface, knocking oflf a piece 2*" or 
3" thick and 8" or 10" high, burst at 
striking, and carried away an entire 
panel of the screen behind, making 
many impressions on the ground and 
bushes beyond. 


41 


42 


i 


S.Case 


39 


65' 


200 


Right 
cheek. 
No. 2 


The sheU struck the lintel of No. 2, to 
the right above, on outer surface of 
the wall, broke the concrete off for a 
distance of 3' horizontally along the 
lintel, and penetrated 6"— shell ex- 
ploded as it struck, throwing nume- 
rous fragments, through the embra- 
sure, and carrying away a portion of 
the screen 3' 10" square. (Figs. 31 
and 32, Plate VII.) 


42 


42 


i 


S.Case 


39 


65' 


200 


Right 
cheek, 

No.l 


The shell struck 7" to the right above 
on lintel of No. 1, outer surface of 
wall, penetrated about 1", and crack- 
ed off a piece of granite 1' 6" long and 
8" high, extending under the edge 
about 4" or 5", cracking the lower but- 
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at 




















face for 1' inside of tlie edge, cansed 
a slight movement in the joint, at the 
springing of the upper right curved 
surface, from the front to rear of the 
wall, and continuing on the inside 
from the embrasure diagonally up to 
the top of the wall. 


43 


42 


i 


S. Case 


39 


50' 


200 


Centre 

of 
No.l 


The shell struck the right cheek of 
Embrasure No. 1, at the springing of 
the lower curved surface — exploded 
as it struck, and glanced in nume- 
rous fragments to the screen, carry- 
ing away two entire panels. It 
opened the joint where it struck, 
moved the stone slightly in, and 
cracked the joint on the inner cheek, 
at its junction with the brick work, 
down to the sole. 


44 
and 
45 


42 
42 


i 


S.Case 


39 


50' 


200 


Centre 

of 
No. 6 


60 musket balls struck the target from 
both discharges. 

Both shells exploded immediately after 
leaving the piece. There were 7 
musket balls inside of the opening 
of No. 5, all of which were stopped 
by the offsets ; 2 went through No. 
5, without touching. 4 musket balls 
inside of the opening of No. 6, all 
deflected inside to the screen. They 
would have been arrested by an em- 
brasure with exterior offsets— 1 mus- 
ket ball struck the cheek of No. 5, 
and stopped. 


46 
and 

47 


i 


S.Case 


39 


.50' 


200 


Centre 

of 
No. 3 


No. 46 burst immediately after leav- 
ing the piece ; many fragments from 
the shell, and also many musket 
balls struck the target. 

No. 47 struck the left shutter of No. 3, 
at its junction with the gorge plate, 
cut out of the shutter a segment of 
9" high and 2^" broad, knocked oflf 
a piece of concrete from the solid 
angle behind the gorge plate, 9" 
broad, extending from the sole to 
the roof, made an indentation on the 
8" gorge plate 2J" to 2J" deep, and 
caused a material bending of the 
whole plate; it also carried away 
both offsets from the sole to the roof 
on the left. The shutters were both 
left on their hinges. (See Fig. 24, 
Plate V.) 
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Froi<L No. 46, ten mnsket shots struck 
withia Embrasure No. 4, and were 
stopped by the offsets. Two mus- 
ket shots passed through, with- 
out touching, into the screen. All 
that struck No. 3, from the 46th 
round were stopped by the shutters 
and offsets. 


48 


42 


* 


S.Case 


39 


60' 


200 


Left 
cheek, 

No. 4 


Struck 6'' to the left, of the left outer 
edge of the asphalt cheek of No. 4, 
penetrated 7", dia. of crater, 2 ft. 
broke the round anchoring bar of the 
outer plate, and exploded, doing no 
. more damage. . Embrasure left still 
in good dondition for service. (Figs. 
25 and 26 of Plate VI.) 
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CASEMATE EMBRASURES. 



Table No. 6. 
Firing at Ist Target with Musket Balls in Canister. 



Gun 42 pdr., length 10' 9", weight 8,465 lbs. 
Platform level with bottom of target. 
Axis of gnn 4 feet above platform. 



Total weight of canister 48 lbs. 
Number of balls in canister 736. 
Balls of lead 18 to the pound. 
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EEMABKa— November 18, 1853. 


No. 


lbs. 




kind 


lbs. 


degrees 


7d8. 


at 




51 


42 


i 


Can'r. 


48 


1 


200 


Between 
5&6 


5 musket balls struck the inside of the 
opening of No. 5, and were stopped 
by the offsets ; two passed through 
into the screen without touching. 5 
musket balls struck the inside of the 
opening of No. 6, and were carried 
inside by deflection from the cheek; 
the marks of 4 of them were found 
upon the screen. 3 musket balls 
struck inside of the opening of No. 
4, and were stopped by the offsets ; 
2 went through into the screen with- 
out touching. 1 stopped by the off- 
set in No. 3, and 1 passed through 
embrasure No. 3 without touching. 
1 passed through No. 2 without touch- 
ing. 


52 
63 


42 
42 


i 
i 


Can'r. 
Can'r. 


48 
48 


1* 


200 
200 


Between 
5&6 

Between 
5&6 


13 musket balls struck the cheek of 
embrasure No. 2, and were deflect- 
ed inside, and 7 passed through 
without touching. 

18 musket balls struck within the 
cheeks of No. 3, and were stopped 
by the offsets, and 6 passed through 
without touching. 


54 
55 
56 


42 

.42 
42 


i 
i 
i 


Can'r. 
Can'r. 
Can'r. 


48 
48 
48 


1* 


200 
200 
200 


Between 
2&3 

Between 

2&3 

Between 
2&3 


10 musket balls struck within the 
cheeks of No. 4, and were stopped 
by the offsets, and 9 passed through 
without touching. 

13 musket balls struck within the 
cheeks of embrasure No. 5, and 
were stopped by the offsets, and 3 
passed through without touching. 

3 musket balls struck the cheeks of 
embrasure No. 6, and were de- 
flected, and 3 passed through with- 
out touching. 5 musket balls were 
deflected to the screen, by the 
cheeks of embrasure No. 1. 3 
musket balls passed through em- 
brasure No. 1 without touching. 
















] 


KoTB. — All the balls that struck within 
the opening of the embrasures with- 
out offsets, passed through either 
directly or by deflection. 

[n those with ofiisets, 41 out of 59 were 

without touching. 
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Table No. 7. 
FnnNa AT 1st Tabget with boiad Balls and Shells. 



Grin 42 pdr., length 10' 9'', weight 8,465 lbs. 
Flatfonn level with bottom of target. 
Axis of gun 4 feet above platform. 



Weight of ball 42 poonds. 



l5 


1 
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^1 
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EiMARKB— November 16, 18, and 23, 1863. 


Ko. 


11m. 




kind 


IbB. 


degrees 


yds. 


at 


-> 


49 


42 


i 


SoUd 
ball 


42 


i 


200 


Left 
cheek 
No. 5 


Stmck the left outer edge of the cheek 
of No. 5, lapping on the outer face of 
the wall about half the diameter of 
ball, diverted a very Httle to the 
right, struck the outer plate, at the 
centre, tore out a piece of 1' high and 
4" wide, broke, and one piece glanced 
to the inner opposite cheek, making 
a slight mark on the concrete ; two 
or three other pieces flew against the 
opposite cheek\ The iron plate, be- 
sides being broken, was Jarred, one 
of the round anchoring bars being 
broken. The whole left cheek of 
the embrasure was Jarred, showing a 
crack in the brick work on the in- 
side, extending from the sole to the 
roof. The wall was also cracked 
above the embrasure on the inside. 
Embrasure still serviceable. Figs. 
27 and 28, Plate VI. 


60 


42 


i 


Solid 
ball 


42 


i 


200 


Left 
cheek 
No. 5 


Struck the left throat plate, cutting 
out a piece about one-third the area 
of the ball, bent the plate sUghtly, 
and jarred it in its position. Em- 
brasure still serviceable. (See Figs. 
27 and 28, at o and o'.) 


57 


42 


i 


Solid 
ball 


42 


i 


200 


Granite 

cheek 

block 

No.l, 

left 

side 


Shot struck the face of the lower stone 
on the left cheek, crater 2' 4" and 3' 
dia., and 4" deep, cracked the stones, 
according to the sketch, loosening all 
the bed of this stone and also the 
one above it, and shaking in its bed 
the sill stone of the embrasure. The 
interior face of the wall behind was 
also considerably cracked. The ball 
was broken. (See Plate VIU., Fig. 
35, at A.) 


58 


42 


i 


Solid 
ball 


42 


i 


200 


Granite 
cheek 
block 
No.l 


Shot struck the block of granite be- 
tween Nos. 1 and 2, in the same 
course with the sill stone. Crater 2' 
2"xl' 4" dia., and 4" deep; cracked 
the stone as seen in the sketch, 
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loosening the bed& entirely tbrougli 
the wall, enlarging the cracks caused 
by the fonner discharge on the ad- 
joining stone. The cracks in the 
rear of the wall show a decided eflfect 
upon the stones on that face. Shot 
broke. (See Fig. 35, Plate VIII., at 
B.) 


59 


42 


i 


Solid 
ball 


42 


J 


200 


Between 
1&2 


Shot struck the outer face of the granite 
block forming the left cheek of em- 
brasure No. 1, 4J" penetration, car- 
ried away a large mass of the stone, 
extending 9" inside of the throat, 
and varying in thickness from 1' 3" 
at the outer edge, and 4" to 6" to- 
wards the throat, and loosening the 
brick work inside entirely through 
the wall, and enlarging the cracks 
that were there before. Shot broke. 
For a side view of the effects of the 
last three shots, viz., 57, 58, and 59, 
see Plate VIII., Fig. 36. 


60 


42 


i 


Solid 
ball 


42 


J 


200 


Between 
.1&2 


Shot struck the stone as before, very 
little higher up, increasing the former 
crater, driving the cheek stone in 
2'', and breaking the interior brick 
work to some extent, and enlarging 
the cracks on that side to the top of 
the Willi. From near the bottom of 
the crater, a considerable crack ex- 
tends entirely through the stone to 
the opposite sid^. Shot broke. 


61 


42 


i 


Solid 
ball 


42 


J 


200 


Left 
cheek 
No. 2 


Shot struck near the edge of the granite 
block on the left of the concrete, 
turned aside into the concriste, and 
knocked out a mass 2' 6", and W 
broad, and 9" deep ; penetration into 
the granite about 2". 


62 


42 


i 


Solid 
ball 


42 


* 


200 


Left 
cheek 
No. 2 


Shot struck to the left below, a few 
inches from the curve, penetrating 
1' 9", and breaking away a mass 
reaching to the gorge, where it mea- 
sured 10" broad at the sole, and 1' 
^' high, and cracking . th« concrete 
en the inner cheek as far as the 
brick.wall. The other cracks on the 
inner face of the wall were somewhat 
enlarged. Some fragments of con- 
siderable size were carried through. 
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one measuring about T' cube. There 
were also numerous smaller ones, 
only one of which went with Buffi- 
oient force to penetrate the screen. 
The ball was not broken, but rolled 
in through the embrasure apparently 
with no force. For effects of shots 
61 and 62 see Plate VII., Figs. 33 
and 34. 


63 


42 


i 


Solid 
ball 


42 


i 


200 


Right 
cheek, 
No. 3 


Shot struck the right gorge plate, near 
the top, made an indentation about 
2'' deep, tore the plate from its fast- 
enings, lifting the inner half of the 
plate entirely from its bed, and send- 
ing it completely through the em- 
brasure, leaving the other in an in- 
clined position near its place, and 
the embrasure unserviceable. The 
inner and outer portions of the plate 
were connected together by only two 
f ' bolts. The anchoring bolt at the 
top was broken, and the concrete 
backing carried away. The inside 
of the embrasure was but little in- 
jured. The bending of the plates 
was perceptible through the entire 
thickness of 8". This embrasure was 
defective, the gorge plate being im- 
perfectly anchored, and weakly put 
together. 


64 


42 


i 


Solid 
ball 


42 


i 


200 


Right 
cheek, 
No. 5 


Shot struck near the right outer edge 
of No. 6, a little below the springing 
of the upper curve, knocking oflf a 

concrete for a considerable distance) 
2' 4". high, and 1' broad, struck, and 
broke off in 3 pieces, all the straight 
portion of the outer offset plate, and 
penetrated to the second plate, which 
remained uninjured. Full one-half 
of the ball struck against the outer 
plate, breaking one anchor from each 
plate. The upper and lower curved 
portions of the plate remained intact, 
or nearly so. The embrasure still 
serviceable. The shot broke. Cracks 
were made on the inner cheek and 
face of the brickwork. (Plate VII., 
Figs. 29 and 30.) 
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65 


42 


i 


Solid 
ball 


42 


k 


200 


Left 
cheek, 
No. 6 


Shot struck to the left above, about 8" 
from the edge of the opening, pene- 
trated V 10", knocked oflf a mass of 
brick work 3' 6" high, and 2' 2" 
broad ; also, the head of the arch was 
knocked oflf to the depth of 10'', and 
height of V 5". From the crater, 
extending to the end of the wall, the 
brick work was entirely shattered, 
large cracks extending diagonally to 
the top of the wall and horizontally 
to the end. On the inside of the 
throat, a great deal of the arch fell 
in, and large cracks were made in 
the stone work in various directions. 
The brick work about the throat was 
much shattered. The shot did not 
break. (Plate VIII., Fig. 37.) 


66 


42 


i 


Solid 
baU 


42 


i 


200 


Right 
cheek, 
No. 4 


Ball struck the gorge plate near the 
top 4J" from a vertical line through 
the centre of the embrasure ; tore 
the plate from its fastenings, break- 
ing the anchoring irons, made of ^' 
round iron, and separating it from 
the side of the embrasure, 5" at top 
and 2" at bottom. Tore away the 
top of three of the ^' plates, bending 
all the others, driving the top in 1 J", 
and knocking off the asphalt on the 
inner face of the embrasure all along 
the gorge plate, and extending back 
8''. The whole soffit of the inner 
part of the embrasure was shaken, 
and a portion of the brick masonry 
on the inner edge of the sole 2' in 
length, and extending back towards 
the throat 7", was torn away. The 
two bolts connecting the inner half 
of the gorge plate with the outer, 
were broken, and part of the door 
knocked off, doing it no other damage 
than breaking the hinges. 


67 


42 


i 


Solid 
baU 


42 


k 


200 


Left 
cheek. 
No. 5 


Ball struck where it was aimed. Crater 
1' 2" to 1' 3" dia., and 1' deep. The 
ball was cracked and fell back. The 
inner cheek was considerably dam- 
aged, a large crack extending up and 
down the cheek about 9'^ from the 
inner edge. This shot affords a fair 
test of the penetration of 42 lbs. solid 
shot in lead concrete. (Plate VIII., 
Pig. 43.) 
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68 


42 


i 


Solid 
ball 


42 


i 


200 


Brick 
between 

5and6 


Struck where it was aimed. Crater 
2' 4" dia., 2' J" deep, the lower half 
of which was a littfe larger than the 
size of the ball. The stone backing 
in the rear of the wall was started 
in about 1". (Plate VIII., Fig. 38.) 


69 


42 


i 


Solid 
ball 


42 


i 


200 


Right 

outer 
face, 

No. 5 


Shot struck in the brickwork to the 
right below. Crater 2' %" and 2' 9'' 
dia., and V 6" deep. 

The effect of the shot was also shown 
on the opposite face of the wall, by- 
cracks in the stone backing, extend- 
ing 18" or 2f in height. The ball was 
not broken. 


70 


42 


i 


Solid 
ball 


42 


k 


200 


Right 
outer 
face, 
No. 5 

opposite 
centre of 
lintel. 


Shot struck the lead concrete lintel 
near its junction with the hydraulic 
concrete jamb, was deflected slightly 
downwards and penetrated 1' 4". It 
was stopped by the middle oflfset 
plate, which was not moved from its 
position. The crater extended to the 
roof of the embrasure. No fragments 
of consequence passed through. The 
brick work on the inner upper edge 
of the embrasure was jarred, and to 
some extent displaced. The effect 
of this shot does not show the actual 
penetration into lead concrete, as it 
struck near the hydraulic concrete, 
and not far from the roof of the em- 
brasure. The ball was broken. (Plate 
VIII., Fig. 42.) 


71 


42 


i 


Solid 
ball 


42 


k 


200 


Left 
outer 
face, 
No. 4 


Shot passed through without touching. 


72 


42 


i 


Solid 
ball 


42 




200 


Left 
outer 
face, 
No. 4 


Shot struck about one foot below the 
centre of the jamb, just to the left of 
the outer oflfset plate, was deflected 
slightly to the right, penetrated 1' 
4'', and passed out between the two 
outer oflfeet plates, forcing the bottom 
of the outer plate out, and producing 
large cracks in the asphalte concrete 
sill, extending entirely to the bot- 
tom. The oflfset plates remained in 
their position, though little or no as- 
[)halte remained between them. The 
sail was not broken. The shock 
extended to the inner cheek, crack- 
ing the asphalte and brickwork to 
a considerable extent. 
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73 


42 


i 


Solid 
hall 


42 


i 


200 


Left 

cheek at 

oflfsets 

No. 4 


Shot struck the asphalte concrete lintel 
just above the end of the outer off- 
set plate; penetrated 1' 4" to the 
upper end of the second plate, passed 
down between the two plates, leaving 
the outer one merely hanging by the 
anchors, the asphalte being entirely 
removed from behind and around it 
by this shot and No. 72. It knocked 
off a mass of asphalte from the lintel 
2' 4" wide horizontally, and extend- 
ing upwards to the granite. A crater 
existed in the left jamb of No. 4 
before these shots. See 48th shot. 


74 


42 


i 


Solid 
ball 


42 


J 


200 


Left 
cheek, 
No. 3 

gorge 
plate. 


Shot struck where it was aimed— car- 
ried away the gorge plate, separating 
it vertically into two pieces, breaking 
all the anchor bolts, and leaving the 
embrasure unserviceable. The shot 
broke into pieces, but did no damage 
to the screen. The fragments of the 
plate were left in the embrasure. 
By removing them, the gun might 
still be served. 


75 


42 


i 


Solid 
ball 


42 


i 


200 


Left 
enter 
face, 
No. 2 


Shot struck where it was aimed, passed 
through, glancing to the right, and 
enlarging the old crater in height and 
width. The ball passed through the 
screen without breaking, and was 
found at a distance of 30 or 40 yards 
to the right and rear. A large crater 
existed from 61st and 62d shots — 
which see. 


76 


42 


i 


Solid 
ball 


42 


* 


200 


Right 
enter 
cheek, 

No. 2 


Shot struck where it was aimed, 5" 
inside of the right outer edge, passed 
straight through, making a curved 
cut in the cheek 1' 8" high, and 11" 
broad at the middle, cracked the con- 
crete on the right outer face in two 
pieces, out to the stone work. On 
the inner cheek the brick backing, 
as well as the concrete, was con- 
siderably cracked and displaced. An 
entire panel of the screen was car- 
ried away. The ball cut down a tree 
4" or 5'' in dia., at a distance of 40 
or 50 yards in the rear. 
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77 


42 


i 


Solid 
baU 


42 


i 


200 


Left 
outer 
cheek, 
No. 1 
in old 
crater. 


Shot stmok below where it was aimed 
about 1' 6", and on a line with the 
sill, widening and enlarging the for- 
mer crater. A large piece of the sill 
was broken oflf 1' 8" wide horizon- 
tally, and 5" deep. 

(See 80th shot, below.) 


78 


42 


i 


Solid 
baU 


42 


i 


200 


Same an 
No. 77 


Shot struck a little to the left of the 
mark, on a level with the sole of 
the embrasure, enlarging the former 
crater, making it 1' 8" deep where 
the ball struck. 

(See 80th shot, below.) 


79 


42 


i 


Solid 
ball 


42 


i 


200 


Right 

outer 
cheek, 

No. 1 


Shot struck 3" or 4" above the centre 
of the cheek, broke off a piece of the 
solid angle at the throat 8'' high, 1' 
2'f wide and 6'' deep, cracking the 
cheek stone from top to bottom, and 
breaking off a fragment from its outer 
edge 1' 3" wide, and 8" deep ; also a 
piece very nearly the same size from 
the stone above. The shot broke 
and passed in fragments through the 
screen, carrying away a portion 4^ 
by 4^ 6'', and scattering fragments 
of granite to some distance. 


80 


42 


i 


Solid 
ball 


42 


i 


200 


Left 
outer 
cheek, 
No. 1 


Shot struck where it was aimed, and 
passed through the embrasure, car- 
rying with it the remnants of the 
left cheek stone, and enlarging the 
width of the opening at the throat 
1' 8". The shot broke, and with the 
fragments of granite, passed through 
the screen, carryiiig away nearly 
three panels. A large crater existed 
from shots 67, 68, 59, and 60. (Plate 
VIIL, Fig. 39.) 


81 


42 


i 


Solid 
ball 


42 


i 


200 


Right 
outer 
face, 
No. 2 


Shot struck the concrete sill, glanced 
upwards, carrying away all that por- 
tion of the sole from the outer edge 
to the throat, and fell inside. The 
shot was not broken. 

Craters existed from 61st, 62d, and 75th 
shots on right and left outer cheek. 


82 


42 


i 


Solid 
ball 


42 


i 


200 


Concrete 
wall 
above 
No. 3 


The shot struck V 9" above the upper 
edge of the embrasure, glanced down- 
wMds, carrying away all the key of 
the embrasure as far in as the brick 
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' 












work on the inner face of the wall ; 
the shot was not broken, but re- 
mained on the sole of the embrasure. 
The concrete was cracked in various 
directions as far as the top of the 
wall. (Plate VIIL, Fig. 41.) 


83 


42 


i 


Solid 
ball 


42 


i 


200 


Outer 
right 
face, 

No. 4 

asphalte 


Shot struck between the asphalte and 
granite, glanced a little downward, 
and penetrated 1' 2" into the as- 
phalte, knocking off the outer face 
of the asphalte key to a depth of 10" 
or 11" and bringing down two large 
pieces of granite from above where 
the shot struck. The shot was not 
broken. (Plate VIII., Fig. 40.) 


84 


42 


i 


Solid 
ball 


42 


h 


200 


Outer 
right 
face, 
No. 4 
asphalte 


Shot struck to the right below, in the 
granite near the asphalte. Shot 
broke. (Fig. 40.) 


85 


42 


i 


Shell 


31| 


I 


200 


Granite 
on the 
right 
of the 
Target. 


The shell burst soon after it left the 
piece. 


86 


42 


* 


Shell 


313 


1 


200 


Same as 
No. 85 


Shell struck the granite masonry on 
the second course from the top, near 
the comer, knocking off one stone of 
the top course, and displacing those 
near the comer. 


87 


42 


i 


Shell 


31| 


1 


200 


Outer 
face of 

lead 
concrete 
No. 5 


Struck the brickwork. Crater 2' dia. 
by 1' deep. The shell broke by the 
concussion. 


88 


42 


i 


Shell 


31| 


1 


200 


Outer 
face of 

lead 
concrete 
No. 5 


Struck the lead concrete jamb near its 
junction with the lead lintel. Pene- 
trated ^", width of crater 1' 4". 
Knocked off a large mass of brick 
work above, to the depth of 18" or 
20", extending to the top of the wall. 
The shell exploded in the crater. 


















Note. — A shell without a fuze, was 
fired against the granite, and ex- 
ploded on striking. 
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SECTION IV. 

Instructions \f or Building 2d Target, and Remarks in 
relation to Materials used in the Construction. 

32. Before proceeding to practical deductions from Before de- 
the experimental firings given in the foregoing tables, ire ^^?®^ . 
it seems best to give, in similar tables, the firings ttr^H: ^^^ • 
fi:om, and at, the 2d target. 

The peculiarities of this 2d target were partly con- 
sequent upon the results afforded by the trials of the 
1st. 

The following extracts from directions given as to 
this second target will, with the plates and figures, 
sufficiently explain the construction, form, and dimen- 
sions of all its parts. 

LETTER TO COL. LEE. 

Engineek Department, 

Washington, bth May, 1854. 

"Bv'tCol. E. E. Lee, 

Corps of Engineers, SupH and Comd?g MiVy Academy, 
West Point, N. T. 

33. Sir: The gunnery practice upon the embrasure 
target at West Point, has afforded several important 
results in reference to the form, dimensions, and ma- 
terials, proper for seapcoast embrasures; still there 
are some other matters not fully settled that are of 
not inferior importance — ^and before we draw up a 

final report to the Secretary of War, I desire your Pnrther as- 
farther assistance in clearing these from doubt. ^^il!^ ^^ 

34. I now send the drawing of an embrasure to be Drawing 
made of granite and iron; and have to ask your aid, J^f^emSra- 
in putting it immediately under construction. *"® ^'** ^ 

36. There is nothing obligatory in the exterior gra- gjjjjJJ,^^®"'- 
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nite appareil of the drawing, except of the embrasure 
itself; above, below, and on the sides, the courses 
may be arranged to suit stones on hand, or such as 
can be most easily procured, 

Jace!^°' 36. The interior face, with the same exception, is 

supposed to be of bricks ; it may be of rubble ma- 
sonry. 

Heart of 37^ xhc hcart of the wall is to be of concrete, in 

the following proportions : The measure of mortar to 
be twice the measure of void space — the latter being 
reduced to a minimum nearly, by the use of fragments 
of various sizes. 

Sf mwtan'' ^8- -^11 *^^ mortar should be composed of cement 
in dry powder — 1 measure to 1 measure of clean sand 
— except in laying the stones or bricks composing the 
embrasure, and this should be of cement in paste 2, 
to 1 of sand. 

S^mortor^" 39. All tho mortar in which cement enters should 
be made at the moment of using it, and no cement 
should be used of which the test cake required more 
than a few minutes to bear the pound weight. 

siu^tonei. 40. The drawing shows the outer, and the inner, 
sill-stones of the embrasure — the latter being con- 
nected with the stone beneath it by two cast-iron 
dowels which, besides being closely fitted to their 
holes, should be leaded, by pouring down lead through 
small holes drilled through from the top stone. These 
sill-stones, besides being prepared for the head of the 
pintle bolt, will have cut in them, recesses for the 
lower ends of the cast and wrought-iron jambs. This 
is the place to state that these jambs will be com- 
posed first, of a mass of wrought-iron 4" x 10" and 
3' 3" high, composed of eight thicknesses of boiler 
iron, fastened into one mass by a sufficient number 
of rivets ; and secondly, of a mass of tough cast iron 
of irregular section (as seen in the drawing), and 3 
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feet 6 inches high, fitting tightly to the back of the 
wrought-iron mass. These iron jambs being placed 
erect in the appropriate recesses, and accurately ad- 
justed, will be leaded therein. You may find it 
advisable to interpose a thin sheet of lead between 
the two. 

41. The figure shows the first course of cheek ^^^^ 
stones, as they embrace the iron jambs. The inner ■*^°~' 
cheek stonei^ embrace also, for a depth of six inches, 

the inner sill stones, and cannot be moved inwards, 
without taking with them the sill stone, and a still 
larger stone beneath. These outer and inner lower 
cheek stones are connected by cast-iron dove-tailed 
cramps 10 inches long and 2 inches thick — they are 
also prepared for connection with the second course 
of cheek stones by cast-iron dowels. Fains should be 
taken to secure the tight and accurate fitting of all 
such dowels. 

42. It will be noticed that there is to be a shutter ^""^iJ; 
of two leaves, to be made of three thicknesses of half- dTi^^f" ^' 
inch boiler iron. The form and dimensions are fully 
shown. It is to turn on two gun-metal pivots (one 
above and one below) imbedded in, and riveted to, the 

iron; which pivots fit accurately into composition 
boxes, firmly leaded into the sill and lintel. These 
shutters should be accurate in form, so that they may 
fit solidly against the proper surfaces when shut, and 
also when fiilly open; there will then be little danger 
of their being deformed when struck by any but a 
large shot. They should, moreover, be truly centred, 
so as to move with facility ; for if this be the case, 
they may be expected to shut spontaneously, on the 
discharge of the gun. To meet this result, or at any 
rate to provide a simple mode of fastening, a gun- 
metal latch is devised to be placed at the lower comer 
of each leaf. The movable part of this latch will 
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rest on the sill of the embrasure when the shutter is 
open ; as it closes, this part will rise over a gun-metal 
catch, firmly fastened into the stone sill: it will pass 
beyond the catch about an inch, so that there may be 
time for it to fall before reaction can send the shutter 
the other way. 
Curfew of 43. You will notice a concave conical surface cut, 
throa't. at the throat of the embrasure, in the top of the outer 
sill ; this will allow room for the tulip of the gim, as 
it traverses, when depressed, 
?f ex?erio? 44. In this embrasure, both the height and breadth 
th^Sffe-""^ of the exterior opening, and of the throat, have been 
materially reduced; and it would be a great gain to 
be able to adhere to these dimensions, which, it is 
hoped, may with care be done. It is in the throat 
where there must be the greatest accuracy ; and it is 
hoped, moreover, that with attainable accuracy at the 
throat, there may be a still greater reduction of the 
exterior opening — this will depend, however, on the 
effect of the blast, when the gun is fiiUy traversed. 
In this design, the ball will pass within about IJ 
inches of the comer of the shutter, and the outer edge 
of the embrasure ; if we find this proximity does no 
harm, we may possibly approach still nearer. To 
keep the ball from going nearer than it ought, and 
the blast from doing any imnecessary injury, it is 
ufswdbe indispensable that the axis of the pintle should be 
JS^'t ^ exactly right. But that alone will not be enough — 
there must be no room for play in the tongue of the 
carriage around the pintle — there should probably be 
a bushing fitted to the tongue hole, so that it shall 
embrace the pintle closely. 

We may indeed even then find that the carriage 
is in itself untrue, to an extent forbidding so narrow 
a throat as we are about to try. 
Ji!SeT* 45. There are to be traverse circles laid for this 
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embrasure, because very important trials are to be 
made by firing from it with an 8-inch Columbiad. 
I need not say that these circles should be laid with 
exactness and solidity. 

46. The exterior facing of the granite embrasure gl'J^^j^f^ 
may be cut quite roughly ; the facing towards the ^^^''*'*- 
embrasure should be rather finely cut — the beds, and 
other surfaces in contact, should be truly cut, though 

not finely — that is to say, hollows of moderate size 
will be of no consequence. The contact of the granite 
with the iron jambs should be very carefully attended 
to, as also iron with iron ; to which end, the rivets of 
the wrought-iron mass, and the shutters, should be 
countersunk flush. 

47. The wall containing this embrasure may be the ^i^ngThe 
rebuilt portion of the granite end of the former target, ^^^^'"^"^ 
and of the same height. I would, however, carry the 
granite wall as much as ten or twelve feet westward 

of the embrasure — ^building the inner face and heart, 
as before mentioned, as I desire to fire against a five 
feet wall of that construction, a few solid shot of large 
calibre under the highest velocity. Supposing you 
have no 10-inch Columbiad, I think the trial quite 
important enough for you to call at once fox one to 
be added to your battery — ships are likely to use even 
larger guns than these. 

48. It will be noticed in the section, that the ^^^^^l""^ 
wrought-iron jamb stands a little obliquely to the ^"^J'^"^^^ 
plane of the throat ; this obliquity might be greater 

with advantage as respects support to this jamb from 
the interior cheeks of the embrasure; and without 
danger as to the deflection of small shot into the em- 
brasure ; but it would involve a form of shutter not 
favorable to resistance ; even the slight inclination I 
have in this case given to the jamb, requires, for a 
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shutter at all arched outward, a little recess to be cut 
for it in each outer cheek. 
backing!" 49. I am in hopes that the form of the cast-iron 
backing will transfer any effect advantageously to the 
stone behind it. 
Sutter''' SO. The heads of the rivets of the pivots of the 
pivots. shutter should be countersunk on the side next the 
jambs, so as to be flush. Being put through from 
that side the shutters should then be closed, and then 
the outer ends be riveted down without any counter- 
sinking on that side ; this will allow the shutters to 
be dismounted by mere cutting off these rivet heads. 
Of course there must be slight depressions cut in the 
granite to receive the protuberances. 
i^g^^th Lt" 51. I had an understanding with Lieut. Gillmore 
t^dSL^u." while he was here lately, as to many of these details, 
and should be glad if he could be charged with the 
duty of constructing the target. 
^onSmy In- ^2. Tho porsou in charge must observe the closest 
joined. economy consistent with good materials and work- 
manship, using, as far as possible, the old materials, 
and also the labor of the engineer company. 
and^o^th?' ^^* •"• ®^^^ ^^^^ shortly a drawing of a brick em- 
brsentf"*^ brasure; and I have ordered to be sent to West Point 
from Charleston (South Carolina) 3000 of the kind of 
bricks used at Fort Sumter — these express very well 
the general quality of southern bricks ; and it is very 
important to know their value in the construction of 
embrasures, since that part of the country affords no 
durable stone. 
FofncM^. ^^' ^^ order the better to try the effect of heavy 
balls upon the masonry, it would be well to place the 
10-inch gun at a distance not greater than 200 or 300 
feet from the target, and I assume that this may be 
done without raising the gun much above the surface 
of the ground. 
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55. The platform might be now prepared. The pi»tform. 
firing generally to be from the old platform. 
I am, very respectfully, sir. 

Your ob't serv't, 

(Signed) JOS. G. TOTTBN, 

BrH Brig. GenH and CoL Engineers, 



LETTER TO COL. LEE. 

Engineer Department, 

Washington, 20^ May, 1864. 

Br't Col. R. E. Lee, 

Corps of Engineers, SupH and CoiffCdH MU, Academy, 
! Point, N. T. 



56. Sir: I now send plans, sections and elevations, piaii8,&o., 

^ , of brick em- 

of an experimental embrasure, which I desire to have J;jjj;"® 
constructed by the side of the one of which I lately 
sent drawings. That was to be faced, and generally g^f ^*^„. 
constructed with granite. This will be generally of ■"®^'*® 
brickwork. 

57. The stones around the pintle will be the same PiJitie»nd 

-■■ sole stones. 

in both, as will be those in the sole, at the throat — 
excepting that in one of the latter the hinge and latch 
sockets will be omitted, as it will not be necessary to 
try the shutters in more than one case, 

68. The inner portion of the sole may be formed soie. 
of a thin flagging stone — the outer, of a flat inverted 
brick arch. The large wrought and cast-iron masses 
will be the same as in the granite embrasure. Of 
iron, there will be, in addition, a wrought-iron plate ;^J^g"^^*^ 
half an inch thick, bent around the small projecting 
portion of the cheek immediately in front of the 
throat, and kept in place, partly by two wrought-iron 
anchors strongly riveted to the front face ; the sill- 
stone beneath must be cut away, so that the lower 
ends of these plates shall be about two inches below 



72 CASEMATE EMBRASURES. 

Top. the sole. The embrasure at top will be closed by 

inner and outer brick arches. 

59. It will be necessary to prepare this embrasure 
for a gun with the same accuracy as the granite em- 

^rcles"® brasure, and lay behind it the traverse circles ; for we 
must try the eflfect of the blast of the gun in this case 
also. 

^Te*token! ^^' Considering what is said above as sufficient in 
reference to the general construction of the embrasure, 
I proceed to the particular precautions to be taken in 
laying the brickwork. 

orchJriS'st 61. In order that our test may have special results 

ton bricks^ as regards bricks made in the southern part of the 
coast, where they have no stone of quality suitable for 
sufch uses, I have directed a sufficient number of good 
bricks to be sent to you from Charleston; and it is 
with these Charleston bricks that I desire the embra- 
sure to be built. 

Bricks im- 62. Tho bost bricks of that market are very un- 
sightly, but •' 



durable. 



sightly, and cannot be made into a handsome wall; 
but they are very durable, standing the southern cli- 
mate better than our northern brick. They are 
thought, moreover, to adhere strongly to mortar. 
Archea. 63. The brfcks used in the arches should not be cut 

into true voussoirs, but must fit their places by thin 
joints next the centre, and thicker at the extrados. 
It will not be necessary to bestow any particular pains 
on the appearance of the brick facing; but I wish 
fJilj^r ^^^T brick to be laid with the greatest care, as re- 
^"'^"^'^ spects its connection with the mortar of the joints. 
of^briJkr ^^- ^^ *^® ^^*^ firings against brickwork, from a 
inTreX^J' 42 pdr., it was noticed that there was a separation of 
bricks from mortar very generally, as the limit to the 
breach caused by the shot; and it was certain that if 
the cohesion had been greater, the effect of the shot 
would have been materially less. This brickwork had 



firings. 
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nevertheless been laid under the direclion of an expe- 
rienced and very attentive officer — the bricks, though 
brittle, were hard, and the mortar was composed of - 
cement and sand, without lime. 

65. The want of cohesion was due, as seemed to g^paratton. 
me, beyond any doubt, to the interposition of dust, 
sometimes quite free, but perhaps more generally com- 
posing a layer slightly cohering to the body of the 



bricks. The process of laying must be to cause every ^^ <>' 
brick to be thoroughly soaked in water, and to be laid ^'^*'^*' 



the moment it ceases to drip; arrangements easily de- 
vised, will enable this to be done without extra ex- 
pense: but I must caution you, that as this will be in 
some respects a disagreeable process to the masons, 
they will neglect it, or do it improperly, unless it be 
imperatively and perseveringly insisted on. 

66. In order in some degree to compensate for the of monar!''' 
short time we are able to allow the new brick masonry 

to harden, I think the mortar to be used in the whole 
of the brickwork, including the brick embrasure, 
should be of dry cement two measures, to sand one 
measure. In other respects the mortar, concrete, &c. 
to be as directed in my letter of May 5th. 

67. Keep all masonry in progress shaded from the ?e*8hSded.** 
sun. 

68. I send also with this letter plans, sections and Jf*o5c?ete 



embrasure 



elevations of an embrasure to be faced exteriorly with sent. 

See Plate 
concrete. in » embra- 

• sure No. 9. 

69. To form the iron throat of this embrasure, I Throat. 
wish you to have the wrought-iron masses (eight 
inches thick) that were used in old Embrasure No. 3 
repaired, leaving off the shutters. The lower ends of 
these masses will be received in the granite stones of 
the sills, and the upper ends built in the arches. The 
throat being a little wider than before, the masses of 
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the two sides will not unite at top or bottom; but this, 
for our present purpose, is of no consequence. 

iTon plate. T^O. This embrasure is to have the same half inch 
wrought-iron plate enveloping the first projection out- 
side the throat as the brick embrasure; to be secured 
in like manner. 

Rntie- 71, Portions of this embrasure — the pintle stones, 

tongue holes, sill stones, inside cheeks, sill and arch — 
will be the same as in the brick embrasure, only the 
outer facing being of concrete. 

Concrete 72. Tho coucrcte used in the facing of this embrasure 

facing. •' •/ J 

should be made of mortar composed of cement two 
measures, sand one measure — the quantity of mortar 
to be twice the bulk of the void space in the brick 
fragments, reduced to a minimum nearly, by the ad- 
mixture of fragments of bricks of different sizes, from 
that of a duck-shot to that of a pigeon's e^g^ all finer 
particles being sifted out. 

Concrete 73. Tho coucrcte backing generally may contain 

coarse fragments, broken stones, or broken bricks, or 
clean gravel, or all or' any of these mixed, from the 
size of six or eight cubic inches down to the size of a 
hazelnut or less — clear, however, of all sand or dust. 

Mortar. 74. AH the mortar made for this target, whether to 

be used in concrete or not, should be made by first 
mixing well together, upon a floor, a small quantity 
of dry cement and the due proportion of sand ; then 
quickly adding the necessary water at the moment it 
is about to be used, whether in concrete or masonry. 
Concrete should have the mortar added to the stone 
fragments as soon as it is made, and just as the con- 
crete is to be applied. In other words, the first setting 
of the cement, which when it is energetic and good 
is very prompt, should not happen, even partially, 
until it is in place, and not liable to further disturb- 
ance. If this practice cannot always be accurately 
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followed, it should always be aimed at, and adhered 
to, as far as practicable. 

75. Some of the mortar used in the concrete (some- smearing 

V surfaces 

what diluted perhaps) should be smeared over the ^*'»^ ""*»'• 
surface with which the concrete is to be in contact, 
the concrete being rammed in before this stucco has 
hardened: this is especially necessary on the sides of 
wooden moulds — which, moreover, if they have not 
been painted, should be made very wet. 

76. While the concrete embrasure is under con- ^j be shad- 

ed and kept 

struction it should be kept shaded, and as soon as it °''*^"'- 
is finished, should be stuffed full of wet grass or hay, 
and then a thickness of the same applied to the 
vertical surface — all being kept wet, the longer the 
better. 

77. From the centre of the concrete embrasure 'No.'^^l^^^' 
9 to the end of the target, ten feet, the facing should "^''' 

be of concrete, the comer being protected by brick 
blocking. 

78. From the centre of the same, for a distance of facing. 
thirteen feet towards the brick embrasure (No. 8), the 
facing will be of good no^jthem bricks (avoiding the bri?k*po?. 
very brittle kind used in the old target), as will be all **''''* 
the brickwork in connection with the concrete em- 
brasure. 

79. For a distance of seven feet on one side and '•*"*"«• 
ten feet on the other of the brick embrasure (No. 8), 

the facings will be of Charleston bricks, as well as all bSik p™- 
the other brickwork of the embrasure. 

80. Embrasure No. 7 will be faced for ten feet on ^'^'^• 
each side with granite. goT"* ^"'" 

81. A former letter refers to the manner of facing ^S;**!^^. 
the interior of the target. *"• 

82. A light wooden cover should be put on the top ^^I"*^*" 
of the target to keep out rain. 
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Use node- QS. It is important that this target be made ready 
for the proposed tests as soon as practicable. 
I am, very respectfully, sir, 

Your ob't serv't, 
(Signed) JOS. Q. TOTTBN, . 

JBvt, Brig.'Gen, and Col, Eng^rs. 

";Si: 84. The interior facing of the waU was rubble-work, 
stones rather small. 

SSr""' 85. The heart was of cement-concrete (without 

lime) composed of gravel and broken fragments of 
northern bricks and of stone, varying in size jfrom 
pieces containing six or eight cubic inches down to 
that of a pea, sifted clear of sand and dust The 
amount of mortar in this concrete was equal to twice 
the volume of void space in the mixed fragments, and 
was composed of cement measured in powder, and 
sand, in equal parts. All the mortar of the target 
was mixed with these proportions of cement and sand, 
except for the stone, brick, and concrete work, com- 
posing the embrasures themselves, which contained 
cement in paste two to sand one. The amount of 
this mortar in the fine contrete for Embrasure No. 9, 
was equal to twice the volume of void space in the 
broken fragments — the fragments being well soaked 
in a cream of cement immediately before mixing. 
To the left of the axis of No. 8, the fragments in the 
concrete composing the heart of the wall were soaked 
in a similar manner. One-half of the northern bricks 
and a like proportion of the southern were dipped in 
a cream of cement just at the moment of laying. In 
the wall, the portions of the two kinds of brickwork 
thus treated join each other. 
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SECTION V. 

Tables from 8 fo 16 inclusive, of firings from and against 
the Embrasures of 2d Target. 

Table No. 8. 

Firing from 2d Target, through Embrasures Nos. T, 8, and 9, to test 
THE Effect of the Blast of the Gun upon the Embrasures. 



Gun 8 inch Columbiad, length 


10' 4", 


weight 9,240 lbs. | Casemate carriage. 


o 






f 


"Si 

11 


1 


d 


1 


BBiUMa-Julyl8,18M. 


No. 


inch. 


lb8. 


kind 


lbs. 


degrees 


degrees 






89 


8 


10 


ball 


68 








Direct 


From Embrasure No. 7. 
No effect on the embrasure. One shut- 
ter remained about half open. The 
ball did not pass through the bank 
of earth 24 feet thick, situated about 
10 feet from the muzzle of the piece. 


90 


8 


10 


ball 


68 








Direct 


No effect on the embrasure. One shut- 
ter remained about half open same 
as before, the other closed only one 
or two inches. Ball did not pass 
through the bank of earth. 


91 


8 


10 


ball 


68 








Trail 
travers- 
ed 30° 
to left 


No eflfect on the embrasure. The right 
shutter closed and caught, the other 
closed one or two inches. 


92 


8 


10 


ball 


68 








Do. 


No effect on the embrasure. The right 
shutter closed 6 or 8 inches, the other 
1 or 2 inches. 


93 


8 


10 


ball 


68 


5 


— 


Do. 


Same as before. 


94 


8 


10 


ball 


68 




3 


Do. 


No effect on the embrasure. The latch 
on the right shutter was strained by 
the blast, and would not work until 
the bolts had been loosened and 
oiled. 


95 


8 


10 


ball 


68 




3 


Do. 


No effect on the embrasure. Effect on 
the latch same as before, t. e., pinch- 
ed hy bending of the lower bolt. A 
few blows on the side of the bolt set 
it right. 


96 


8 


10 


ball 


68 








Do. 


From Embrasure No, 8. 
No effect on the embrasure. 


97 


8 


10 


ball 


68 








Do. 


Do. do. 
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Table No. 8 — Continued, 



II 


1 

2 




1 

I 


^1 
1% 


d 

o 


a 


n 


Remarks— July 18, 1855. 


No. 


inch. 


lbs. 


kind 


lbs. 


degrees 


degrees 






98 


8 


10 


baU 


68 


5 


— 


Trail 
travers- 
ed 30° 
to left 


No eflfeot on the embrasure. 


99 


8 


10 


ball 


68 


— 


4 


Do. 


Do. do. 


100 


8 


10 


ballj 68 


— 


4 


Do. 


Do. do. 


101 


8 


10 


ball 


68 


. 


. 


Trail 
3p«>to 
nght 


From Embrasure No. 9. 
A small piece of concrete on the outer 
edge of embrasure (about 4" long, 
and 1^'' broad, and ^'' thick) was 
thrown oflf. No other eflfects. The 
piece appeared to be loose, as the 
break occurred where two layers of 
concrete joined. 


102 


.8 


10 


ball 


68 


— 


3 


Do. 


No effect on the embrasure. 


103 


8 


10 


ball 


68 


— 


3 


Do. 


A very small piece of concrete was 
blown off, about 1" high, and 1" 
broad, and J" thick. 


104 


8 


10 


ball 


68 


6 




Trail 

30° to 

left 


Two small pieces were blown off, one 
of them about 2" high, and V broad, 
and i" thick, the other about i" high, 
J" broad, and J" thick. 


















Note. — ^The mean penetration of four- 
teen solid shots (weight 68 lbs., 
charge of powder 10 lbs.) into a re- 
cent mound of clayey soil, not very 
solidly compacted, distant 10 feet 
from the muzzle, was 12 feet 9 inches. 
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Table No. 9. 

FlRINQ AQAINBT 2d TaBQET WITH CANISTER ShOT WEIQHINQ I^ LBS. EACH* 



Gun 42 pdr., length W 9", weight 8,466 lbs. 
Platform level with bottom of target. 
Axis of gun 4 feet above platform. 



Total weight of canister 48 lbs. 

Number of shot in canister 27. 

Mean diameter of each shot 2^ inches. 





1 

3 


II 
si 




II 


s 


1 


i 


RBXABXB—Jnly 23, 1859. 


No. 


lbs. 1 


kind I lbs. 


degrees 


7d8. 


at 




105 


42 


i 


Can'r. 


48 

/ 


J 


200 


No. 7 


Twelve shots struck the target. One 
of them struck and broke oflf the 
horizontal portion of the latch of the 
left-hand shutter, and then glanced 
and passed through the embrasure 
and screen. Two of them struck the 
southern brick wall, crater 4" to 6" 
ex. dia., and 2J" to 3" deep. One 
struck the lintel of the granite em- 
brasure 6" above the lower edge; 
cracked as per sketch. 

Fig. A. 
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No. 7 


Eight si 
struck 
No. 7 
slight 
If'b 
The s 
slight] 
causec 
the cy 
inner 
shutte 
the si 
cylin^ 
no adi 
neces£ 
have i 
noinj 
bjrth< 


lots St 
. the of 
and T 
indent 
road, 
hutter 
[y disal 
I by op 
lindric 
edge 
\T. Ha 
lutter t 
Ler,ast 
iitlona 
laiy, no 
ixisted 
aiywo 
) shutti 


ruck t 
fsetof] 
ras stc 
ation, { 
This si 
which 
i)led so 
ening t 
al strii 
ftud tl 
dthet 
ermina 
hedesi 
I strip 
vertica 
there, a 
uldha^ 
3r. 


he target. One 
eft-hand shutter 
)pped, making a 
jay iff deep, and 
liot was broken, 
was struck was 
as not to close, 
he joint between 
> attached to the 
le body of the 
hree J" plates of 
ted in this semi- 
^ contemplated, 
would have been 
I cross joint would 
nd consequently 
'e been sustained 



80 



CASEMATE EMBRASURES. 
Table No. 9 — Continued. 



II 


2 

:5 


1! 


1 
I 


II 


o 


1 




Bbmarks— July 23, 1855. 


No. 


lbs. 




kind 


lbs. 


degrees | jda. 


at 




107 


42 


* 


Can»r. 


48 


« 


200 


No. 7 


Four shots struck the target. One of 
them Btrnck the left-hand throat 
piece of No. 7, IJ'' from the edge, 
and broke in pieces, some of which 
passed through the embrasure and 
screen. Another struck the lintel 
about 2" from the lower edge, throw- 
ing several pieces of stone through 
the embrasure and screen. In the 
screen were three holes and several 
indentations, some of stone and some 
of iron, scattered over an area of 4 
or 5 feet square. Indentation in 
throat piece 2" dia. and \" deep. 


108 


42 


* 


Can'r. 


48 




200 


No. 7 


Nine shots struck the target. All in 
granite or brick. No effect needing 
any particular description. 


109 


42 


* 


Can'r. 


48 




200 


No. 7 


Seventeen shots struck the target, and 
one passed through No. 7 without 
touching. Penetration in granite 
little or nothing. Penetration in 
southern brick 3J" to 4". 


110 


42 


I 


Can'r. 


48 




200 


No. 7 


Six shots struck the target, and one 
passed through No. 7 without touch- 
ing. 


111 


42 


i 


Can'r. 


48 




200 


No. 7 


Eight shots struck the target all in the 
granite, and one passed through Em- 
brasure No. 7 without touching. 


112 


42 


i 


Can»r. 


48 




200 


No. 7 


Fourteen shots struck the target, all 
in the granite or brickwork. 


113 


42 


i 


Can'r. 


48 




200 


No. 7 


Thirteen shots struck the target, and 
one passed through No. 7 without 
touching. One struck the edge of 
the left throat piece. No. 7, lapping 
about J the dia., broke in two and. 
passed through the screen. There 
was also an indentation in the screen 
from a fragment of the throat piece. 

Fig. B. 
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Bbmarkb— July 23, 1855. 



No. 



lbs. 



kind lbs. 



degrees 



yd.. 



114 



42 



Can'r. 



48 



200 



No. 7 



Seyenteen shots stmok the target. One 
of them stmok the offset of the left- 
hand shatter, indentation Ij'' dia. 
by J" deep. (See Fig. B.) 



115 



42 



Can'r. 



48 



200 



No. 8 



Seven shots strack the target. One 
stmok the left outer edge of No. 8 
at the spring of the arch, took oat a 
piece of brickwork aboat 6" by 4'' 
by 3'', glanced to the boiler iron of 
the offset, making an indentation 
aboat IJ" dia., by J" deep. It was 
broken and stopped. 

Fig. C. 




One in the concrete wall to left, crater 
10'' dia., and 3^" deep. 



116 



42 



Can*r. 



48 



200 



No. 8 



Foarteen shots stmck the target. One 
of them stmck against the right 
throat piece of No. 8, about 8" from 
the top ; indentation 1^'' dia. by ^'. 
Stopped and broken. 

Fig. D. 



mm 




117 42 



Can*r. 



48 



200 



No. 8 



Twelve shots stmck the target, all in 
the granite or brick. No particular 
effects. Penetration of these canister 
shots in northern brick 2J" to 2J". 
Ex. dia. of crater 6" to 8". 
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IS 



3 






a 



i 



Bbmabks— Jaly 23, 1855. 



No. lbs. 



kind 



lbs. 



degrees 



yds. 



118 42 



Can'r. 



48 



200 



No. 8 



Thirteen shots struck the target, all in 
the granite or hriok. No particular 
effects. Penetration of these canister 
shots into southern brick is some- 
what greater, say about ^'', than in 
the northern brick ; the exterior dia- 
meter of crater about the same. 



119 



42 



Can'r. 



48 



200 



No. 9 



Fifteen shots struck 
the target, and 1 
passed through 
No. 9 without 
touching. One of 
the 15 struck the 
boiler plate of the 
right offset of No. 
9, indentation 1 J" 
dia., by f" deep, 
and stopped. The 
crater in concrete 
by these canister 
shot averages 
about 9" to 10" 
exterior diameter, 
by 3" deep. 



Fig. E. 




120 



42 



Can»r. 



48 



200 



No. 9 



Thirteen shots struck the target, 
of them struck the sill of No. 

Fig. F. 



One 
9, a 




few inches below the sole, knocking 
out a piece of concrete 13" by 7" by 
8". Nothing went through. 



FIRING AGAINST SECOND TARGET. 
Table No. 9 — Continued. 
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Bbmabks— July 23, 1855. 



No. 



lbs. 



kind 



lbs. 



degrees 



yds. 



at 



121 



42 



Can'r. 



200 



No. 9 



Thirteen shots struck the target ; none 
of them, yery near the embrasure, 
except one on the sill of the outside 
of the embrasure No. 9, increasing a 
previous fracture. 



122 



42 



Can'r. 



48 



200 



No. 9 



Fourteen shots struck the target ; one 
on the lintel of the left outer edge 
of No. 9, making a fracture 10'' on 
the edge, and extending 8'' inwards 
on the intrados, and about the same 

Fig.G. 




distance up the wall on the outer 
face. One shot struck the left throat 
piece full centre, 2'' from the inner 
edge, indentation 2^' in diameter and 
^' deep. This shot was stopped and 
broken. 
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CASEMATE EMBRASURES. 



Table No. 10. 

Firings at 2d Target with Canister Shot op ^j^^ op a pound each, 

6.88 oz. 



Gun 42 pdr., length 10' 9", weight 8,465 lbs. 
Platform level with bottom of target. 
Axis of gun 4 feet above platform. 



Total weight of canister 51 J lbs. 
No. of shot in each canister 80. 
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Bemarks— Jal7 23, 1855. 


Vo, 


lbs. 1 


kind 


lbs. 


degrees 


yds. 


at 




123 


42 


i 


Can»r. 


51J 


3 


200 


No. 9 


Thirty-one shots struck the target. 
One inside of No. 8 on left hand off- 
set ; indentation 1" dia. by J" deep. 
Crater in northern brickwork about 
3" ext'r dia., by 2" deep : in Charles- 
ton brick, penetration about i" 
greater. Craters in concrete, 3" to 
5" ext'r dia., and f '' to IJ" deep. 


124 
125 
126 
127 
128 
129 
130 
131 
132 
133 


42 
42 
42 
42 
42 
42 
42 
42 
42 
42 






Can'r. 
Can'r. 
Can»r. 
Can'r. 
Can'r. 
Can*r. 
Can'r. 
Can'r. 
Can*r. 
Can'r. 


51i 

51; 

51: 
51 
51: 
51; 
51; 
51; 

51 

51; 


■ 
1 




200 
200 
200 
200 
200 
200 
200 
200 
200 
200 


No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 


' Three hundred and thirty-five shots 
struck the target (stone, brick, 
and concrete). One struck left- 
hand throat piece of No. 9, about 
9" from the top. Shot broke, and 
was stopped. One passed through 
No. 9 without touching. Seven 
struck offsets in No. 8, and were 
stopped. One struck edge of sill, 
glanced up to the edge of the left 
throat piece, and thence to the 
screen, without breaking. It did 
not pass through the screen. And 
one struck the edge of the right 
throat piece, and glanced through 
the screen. Six shots passed 
through No. 8 without touching. 
One of the shots against the throat 
piece of No. 8 stmok about 5'' 
from a bolt head, and broke the 
latter oflf. One shot struck the left 
throat piece of No. 7, end was 
stopped ; and four passed through 
without touching. 


134 
135 
136 
137 
138 
139 
140 
141 
142 


42 
42 
42 
42 
42 
42 
42 
42 
42 




• 


Can'r. 
Can'r. 
Can'r. 
Can'r. 
Can»r. 
Can»r. 
Can'r. 
Can'r. 
Can'r. 


5U 

51; 
51; 
51; 
51; 
51; 

51 
51 
51 


■ 




200 
200 
200 
200 
200 
200 
200 
200 
200 


No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 
No. 8 


One shot passed through No. 9 with- 
out touching ; none struck the iron 
work. Seven struck offsets in No. 
8 full, and were stopped. One 
struck the edge of the right throat 
plate, and glanced through the 
screen. Six passed through with- 
out touching, and one struck the 
screen without passing through 
it ; one fragment remained in the 
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A 










soreen. Three shots struck the 
offsets in No. 7, and were stopped; 
and one passed through without 
touching. Two fragments struck 
the screen, and entered about half 
an inch. One shot struck the left 
outer edge of granite embrasure, 
knocked off a piece about 8" high 
by IJ" wide, and extending in as 
far as the recess for the shutter. 
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CASEMATE EMBRASURES. 



Table No. 11. 
Firings at 2d Target with Musket Balls in Canisters. 



Gun 8 incli Columbiad, length 10' 4", weight 

9,240 lbs. 
Platform level with bottom of target. 
Axis of gun four feet above platform. 



Total weight of canister 82 lbs. 
Number of balls in each canister 1188. 
Balls of lead 18 to the pound. 
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Remarks— July 24, 1855. 


No. 


inch. 1 


kind 


lbs. 


degrees | yds. 


at 




143 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


One musket ball stopped by offsets No* 
9 ; two passed through No. 9 without 
touching, into the screen. 

Five balls stopped by offsets of No. 8, 
and four passed through No. 8 with- 
out touching, and through the screen. 

No. 7 was not struck ; but one passed 
through without touching, and 
through the screen. 


144 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


Two balls stopped by offsets of No. 9, 
and one passed through without 
touching, and through the screen. 

Eight struck offsets of No. 8, and were 
stopped; and thirteen passed through 
No. 8 without touching, and through 
the screen. 

One struck offset of No. 7, and was 
stopped; and one passed through 
without touching, and through the 
screen. 


145 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


One ball struck offset of No. 7, and 
was stopped. None passed through. 
Eleven struck offsets in No. 8, and 
were stopped; and six passed through 
without touching, and through the 
screen. One struck oflfsets of No. 
9, and was stopped. None passed 
through. 


146 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


Nine balls struck offsets of No. 8, and 
were stopped ; and 9 passed through 
without touching, and through the 
screen. One struck the sole of No. 7, 
and glanced to offset on shutter, and 
was stopped. Two passed through 
No. 7 without touching, and through 
the screen. 


147 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


One ball through No. 9 without touch- 
ing, and through screen. None 
touched the iron work. Several 
struck the concrete, but made scarce- 
ly any impression on it. Six struck 



FIBIN6 AGAINST SECX)ND TARGET. 
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the offsets of No. 8, and were stopped; 
and four passed through without 
touching, and through the screen. 
The balls made little or no impres- 
sion on the northern brick. One 
shot struck offsets of No. 7, and was 
stopped. None passed through. 


148 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


One passed through No. 9 without 
touching. None hit the iron work. 
Ten struck offsets of No. 8, and were 
stopped, and eight passed through 
without touching, and through the 
screen. Two struck offsets of No. 
7, and were stopped. None passed 
through. 


149 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


One ball passed through No. 9 without 
touching. None hit the embrasure. 
Three balls struck offsets of No. 8., 
and were stopped, and two passed 
through without touching. One 
through No. 7 without touching, and 
one by deflection. 


150 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


One through No. 7 without touching. 
None hit the embrasure. Eight 
struck ofiisets of No. 8, and were 
stopped ; and eight passed through 
without touching, and through the 
screen. One struck ofl^ets of No. 
9, and was stopped. None passed 
through. 


151 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


One struck offsets of No. 9 and stopped, 
and two passed through without 
touching, and through the screen. 
Six struck offsets of No. 8 and were 
stopped, and four passed through 
without touching, and through the 
screen. Two passed through No. 7 
without touching. 


152 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


The iron work of No. 7 was not touched, 
and no marks were upon the screen 
behind it. Three struck offsets of 
No. 8, and were stopped, and two 
passed through without touching, 
and through the screen. One struck 
offsets of No. 9 and stopped, and one 
passed through without touching, 
and through the screen. 
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CASEMATE EMBBASUBES. 
Tablb No. 11— Continued. 
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Ekxaaks— July 24, 1865. 


No. 


inch. 




kind 


lbs. 


degrees 


yd.. 


at 




153 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


None Btrnok iron work of No. 9, and no 
marks upon the screen behind it. 
Seven struck No. 8 and were stop- 
ped, and four went through without 
touching, and through the screen. 
None struck No. 7, and none went 
through. 


154 


8 


i 


Can»p. 


82 


i 


200 


No. 8 


Two shots struck offsets of No. 7, and 
were stopped, and 4 passed through 
without touching, and through the 
screen. A part of the bottom of the 
canister also passed through No. 7, 
and stuck in the screen. Seven 
shots struck offsets of No. 8, and 
were stopped ; and six went through, 
without touching No. 8, and through 
the screen. Two went through No. 
9 without touching. 


155 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


One shot struck oflfeets of No. 9, and 
was stopped, and one went through 
without touching, and through the 
screen. Thirteen shots struck offsets 
of No. 8, and were stopped ; and four 
went through without touching, and 
through the screen. None struck 
OP went through No. 7. 


156 


8 


i 


Can'r. 


82 


i 


200 


No. 8 


Three shots struck offsets of No. 7, 
and were stopped ; and four passed 
through without touching, and 
through the screen. Sixteen shots 
struck oflisets of No. 8, and were 
stopped; and ten jMissed through 
without touching, and through the 
screen. One shot struck offsets of 
No. 9, and stopped. None passed 
through No. 9. 


157 


8 


i 


Canr. 


82 


i 


200 


No. 8 


Two shots struck offsets of No. 9, and 
were stopped. None passed through. 
Ten shots struck o&ets of No. 8, and 
were stopped ; and 9 passed through 
without touching, and through the 
screen. Two shots struck offsets of 
No. 7, and were stopped ; and three 
passed through No. 7 without touch- 
ing, and through the spreen. 
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Table No. 12. 
FiMNa AT 2d Taeokp with Iron Canistkr Shot or yV^ or a pound 

EACH, about 3^ OZ. 



Ghin 8 inch Colombiad, length 10' 4'', weight 9,240 lbs. 
Platform level with bottom of target. 
Axis of gnn 4 feet above platform. 



Total weight of canister 55 lbs. 
Number of balls in each can- 
ister 222. 
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158 


8 


i 


Can'r. 


55 


i 


200 


No. 7 


Two shots struck the right throat 
plate, and one the left throat plate 
of No. 7, and were stopped. Inden- 
tation 1" dia. and ^' deep; one shot 
struck the upper edge of the sill, 
glanced to the edge of the shutter, 
and stopped. None passed through. 


159 


8 


i 


Can'r. 


55 


i 


200 


No. 7 


Five shots struck offsets of No. 7, full, 
and were stopped. One shot struck 
the edge of the sill of No. 7, glanced 
to the edge of the throat plate, and 
thence through the screen towards 
the left. 


160 


8 


i 


Can»r. 


55 


i 


200 


No. 7 


One shot struck offset of the right 
shutter of No. 7, and stopped ; and 
one struck the shoulder of the 
shutter, and glanced through the 
embrasure into the screen, but not 
through it. 


161 


8 


i 


Can'r. 


55 


i 


200 


No. 7 


A piece of the canister passed through 
No. 9, into the screen, but not through 
it. One shot struck the right throat 
plate of No. 7, and stopped ; and one 
struck the side of the right shutter, 
glanced to the throat plate, and 
stopped. One shot struck the lintel 
of No. 7 about 4" above the lower 
edge and broke off a piece 4" by 15" 
long and 4/' deep. The shot was 
found in the embrasure. 

Fig.H. 
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CASEMATE EHBBASIJRES. 
Table No. 12 — Continued. 












Bbm ARKS— July 24, 1855. 



No. 



inch. 



kind 



lbs. 



degrees 



yds. 



162 



Can'r. 



55 



200 



No. 7 



One shot strnok the lintel, and glanced 
through the embrasure, and through 
the screen. One glanced from the 
lintel, and was stopped b/ the offsets 
of the shutter. 



163 



Can'r. 



55 



200 



No. 7 



Three shots struck offsets of 
No. 7, and were stopped. 
One shot struck the edge 
of the right shutter, and 
glanced through the em- 
brasure ; and through the 
screen. Three passed 
through the embrasure 
without touching, and 
through the screen. 



Fig. I. 



164 



Can'r. 



55 



200 



No. 7 



One shot struck offset of No. 8, and 
stopped. None passed through. 
Four shots struck offsets of No. 7, 
and were stopped. One struck the 
shoulder of the shutter, broke, and 
the fragments went through the em- 
brasure. 



165 



166 



Can'r. 



55 



200 



No. 7 



Two shots struck offisets of No. 7 full, 
and stopped, and two passed through 
without touching, and through the 



Can'r. 



55 



200 



No. 7 Two shots struck offsets of No. 7 full, 
and were stopped ; and one passed 
through without touching, and 
through the screen. One shot struck 
the right outer edge of No. 7, 1 ' from 
the edge, and broke off a piece 1" hy 
6", and stopped. 

Fig. J. 
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167 


8 


i 


Can'r. 


55 


i 


200 


No. 7 


Five balls struck oflfaets of No. 7 full, 
and stopped; and three passed 
through without touching, and 
through the screen. One shot struck 
the left outer edge 2'' from the edge, 
and broke off a piece 2" by 4" by 3''. 


168 


8 


i 


Can'r. 


56 


i 


200 


No. 7 


Two shots struck offsets of No. 7 full, 
and were stopped. One went through 
the embrasure without touching, and 
through the screen. One shot struck 
the sill of No. 7, about 2" below the 
upper edge, and cracked it 3'' by 4" 
in each direction. 


169 


8 


i 


Can'r. 


55 


i 


200 


No. 7 


Fiye balls struck offisets of No. 7 full, 
and stopped, and one went through 
without touching, and through the 
screen. One struck the upper edge 
of the sill, and glanced through the 
embrasure and screen. 


170 


8 


i 


Can»r. 


55 


i 


200 


No. 7 


Two balls struck offsets of No. 7, and 
were stopped; and three passed 
through without touching, and 
through the screen. One ball struck 
the edge of the right throat piece, 
glanced to the opposite cheel^ and 
through the screen. 


171 


8 


i 


Can'r. 


55 


i 


200 


No. 7 


Five balls struck offsets of No. 7, and 
were stopped; and eight passed 
through the embrasure and screen. 


172 


8 


i 


Can'r. 


55 


i 


200 


No. 7 


Two balls struck offsets of No. 7, and 
stopped, and One passed through the 
embrasure by glancing (probably by 
ricochet). One struck the left outer 
edge, knocking off a small piece of 
granite, say 1" by 1" by 1", and 
glanced through the embrasure and 
screen. 


173 


8 


i 


Can'r. 


55 


i 


200 


No. 7 


Two balls struck offsets of No. 8, and 
stopped, and one passed through the 
embrasure and screen. One struck 
the screen (probably by ricochet), 
but did not go through. Two passed 
through No. 7 without touching. 


174 


8 


i 


Can'r. 


56 


i 


200 


No. 7 


Two shots struck offsets of No. 7, and 
stopped, and two went through with- 
out touching, and through the screen. 
One struck the granite sill 2'' below 
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CASEMATE EMBBASUBES. 
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Bemaskb— July 2f , 1855. 



No. 



inch. 



kind 



lbs. degrees 



yds. 



the edge and knocked off a pieoe Z" 
by 6" by 3" ; ball stopped. 

Fig. K. 




175 



Can'r. 



55 



200 



No. 7 



One shot struck offsets of No. 7, and 
stopped, and two passed throngh 
without touching, and through the 
screen. One struck the shoulder of 
the left shutter, glanced to the oppo- 
site inner cheek, and then through 
the screen. 



176 



Can'r. 



55 



200 



No. 7 One shot struck off- 
sets of No. 8, and 
stopped ; three 
struck offsets of 
No. 7, and stopped, 
and one struck on 
the joint between 
the latch and 
shutter, so far dis- 
abling the latch as 
to render it un- 
serviceable, for a 
time at least. 



Fig. L. 




177 



Can'r. 



55 



200 



No. 7 



Three shots struck offsets of No. 7, and 
stopped, and one struck the upper 
edge of the horizontal portion pi the 
latoh of the right shutter, broke and 
glanced to the offsets of the shutters 
and stopped. None passed through. 



NoTB. — On the outer face of the wall 
around No. 7, a rectangle 4f by 5' 
was traced, to represent the exterior 
opening of an old form of embra- 
sures ; between this outline and the 
exterior opening of No. 7 (new form), 
111 shots struck in the course of the 
firing at the 2d target. In the old 
size and form of embrasures, all 
these shots would have entered the 
casemate. 
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Table No. 13. 

FlBINQ AGAINST 2d TaRGET WITH GbAPB ShOT, BACH SHOT WEIGHING 4,'^ LBS. 



Gun 8 iBch Columbiad, length 10' 4", weight 

9,240 lbs. 
Platform level with bottom of target. 
Axis of gun 4 ft. above platform. 



Total weight of stand of grape 51jt lbs. 
Number of shot in each stand 9. 
Diam. of each shot 3.17 inches. 
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178 



6J 



Grape 



51i 



200 



No. 7 



One shot struck the target in the gran- 
ite. Penetration about J". 



179 



H 



Grape 



51i 



200 



No. 7 



One shot struck the right outer edge 
of No. 8 about 4'' from the edge ; cut 
through the brick, and was stopped 
hy the shoulder of offset which was 
covered with a plate of ^ inch boiler 
iron, doing no damage to the plate 
which it impressed about ^ of an 
inch. One shot struck the granite. 



180 



6i 



Grape 



51* 



200 



No. 7 



One shot struck the right shutter of 
No. 7, 4f' from the top and 5^ inches 
from the edge, indentation about 4'' 
dia. and |" deep. The diameter of 
the part touched by ball about 2", 
The lower bolt head of the latch was 
oonsiderablj broken off, and the bolt 
somewhat started in. The shutter 
was slightly bent, behind the part 
where the shot struck, but not dam- 
aged. The other shutter, for want 
of a latch, was thrown partly open. 
The shot was broken. One piece, 
about one-third of the shot, was found 
on the inside, but it left no mark on 
the screen. 

Fig. M. 
Top of Shutter. 
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CASEMATE EMBRASURES. 



Table No. 14. 
Firing against 2d Target with Solid Shot or 24 lbs. weight. 



Gun 24 pdr., length 10' 4", weight 6,790 lb». 
Platform level with bottom of target. 
Axis of gun 4' 3" above platform. 
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181 


24 


i 


Ball 


24 


i 


200 


Mark on' 
concrete 
between 
No. 9 
and end 
of target 


Shot was lost. 


182 


24 


i 


BaU 


24 


i 


200 


Do. 


Shot struck about 1 foot above the left 
end of the lintel of No. 9. Penetra- 
tion 1' 10". Exterior diameter of 
crater about 3' 6", extending to the 
top of the wall, where it was 4' 
6", and cracked the wall entirely 
through, and extending to the end 
of the wall on the left. Ball did not 
break. For point struck see Fig. N. 


183 


24 


i 


Ball 


24 


i 


200 


Do. 


Shot struck to the left of the lintel of 
No. 9, about 1' 9J". Penetration 1' 
3J". Exterior diameter of crater 
2' Q", Cracked the concrete hori- 
zontallj to the end of the wall. For 
point struck see Fig. N. 

Fig. N. 
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No. 



lbs. 



kind lbs. degrees 



ydi. 



185 



24 



Ball 



24 



95 



sill stone— cracking the sill through 
to the inner face of the wall, through 
both of the inner sill stones, without 
displacing either, or the iron oflfset — 
the crack being a slight one. The 
ball was broken. The action of the 
ball seems to have been communi- 
cated directlj to the left throat plate; 
thence to the inner sill stones, crack- 
ing the first one in a slight crack 
directlj to the rear, and loosening 
the joint of the sill stone with the 
cheek of the embrasure. The rear 
sill stones were cracked directlj to 
the rear, a continuation of the crack 
through the first; this stone was 
loosened in its bed, and at each end 
cracked from the cheeks. The crack 
at the left end continued down some 
18" between the brickwork and the 
end of the stone under the sill. At 
the other end the brickwork of the 
cheek was slightl j cracked for about 
12", in a line inclining at an angle 
of 450 to the back of the wall. A 
slight disturbance of the mortar was 
visible in the joint between the 
brickwork, and the stone under the 
back sill, as at the other end. At 
the top, the shock on the cheek plate 
scaled off a small portion of the brick- 
work from the soffit of the arch. 1 he 
embrasure as serviceable as ever ap- 
parentlj. For point struck see Fig. 
N. 

Fig. 0. 




No. 9 Shot struck directlj under the axis of 
the embrasure opposite the tongue 
hole, passed through, into, and 
through the tongue hole and under 
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the screen. Carried awaj all the 
concrete in front of the outer sill, as 
low down as the point where the 
ball struck. Cracied the outer sill 
stone up and down directly through 
the centre, and horizontallj towards 
the left, about 4" below the top of 
the sill, as far as the crack caused 
by the previous shot. No additional 
derangement of the sill stone in the 
rear, or of the stones around the 
tongue hole. The ball in passing 
through the tongue hole, did not 
carry away any bricks, but broke oflF 
the comers of those on the inner 
edge. Embrasure still serviceable ; 
although, had the casemate carriage 
been mounted, the pintle would pro- 
bably have been broken. 


186 


24 


i 


BaU 


24 


* 


95 


Left 
throat 

plate 
No. 9 


Through without touching. 


187 


24 


i 


Ball 


24 


i 


95 


Do. 


Do. do. * do. 


188 


24 


i 


BaU 


24 


i 


95 


Do. 


Passed through just grazing six of the 
\" plates of the right throat plate, and 
loosening the joint around the bot- 
tom of the throat plate, and cracking 
the outer sill from the outer face of 
the throat plate as far as the pintel 
hole; also cracked the concrete in 
the roof from the joint where the 
right offset enters the intrados to 
the outer face of the wall, extending 
diagonally up to the right, about 8". 
Inner sill stones slightly shaken. 
Started the joint on the inside at 
junction of the cheek and soffit for 
about 2' from the throat plate. Em- 
brasure as serviceable as ever. 


189 


24 


i 


BaU 


24 


t 


95 


Left 
throat 

plate 
No. 9 

at the 
middle. 


Shot struck directly where it was aim- 
ed, grazing the boiler iron of the 
outer offset, penetration 2\" ; besides 
a general bending in of 1 J" in addi- 
tion, extending to the top and bot- 
tom of the plates. The ball broke, 
and about one-half of it remained in 
the crater, the other half broke into 
small pieces, but none entered the 
embrasure. The entire 8" throat 
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Gun 8 inch Columbiad, length 10' 4'', weight 9,240 lbs. 
Platfonn level with bottom of target. 
Axis of gnn 4 feet above platform. 






§1 

KJ P. 



3 



S3 



i 

I 



i 
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193 



lOi 



Ball 



200 



Between 
No. 9 

and end 
of target 



Af point struck. Penetration 2' 2J". 
All between the lines a b and e A c 
partially mined. All outside the 
line e A c d mined. Considerable 
portions knocked off, wall being much 
shaken by previous shots. The ball 
fell back whole. 

Fig. R. 



194 




lOJ 



BaU 



200 



Bight 
cheek, 
No. 9 



Ball struck at the foot of the boiler 
plate, at the junction between it and 
the sill, penetration 1' 9". 

Fig.R^ 




Ball stopped and broke to pieces. Line 
a 6 is right edge of the embrasure 
jamb. Crack along a b and along 
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c d to the top of this target. The 
shock cracked the rear sills entirelj 
through, in direction of the shot. 
The right cheek was cracked ob- 
liquely from the bottom of the throat 
piece (right) to the top of the cheek 
to the rear. A large crack was made 
through the corner of the arch. Seve- 
ral bricks were torn out of the rear 
part of the right cheek bj the shock 
from the sill stone. Several scaling 
cracks were made in the cheek be- 
hind the throat plate. 



195 



8 , lOi 



Ball 



68 



200 



Right 
cheek, 

No. 9 



Ball struck the right jamb of No. 9, in 
the concrete near its junction with 
the brickwork, and about 10". below 
the plane of the lower surface of the 
lintel. The ball passed through the 
wall, leaving evidences of having 
been slightly deflected to the left, as 
it approached the inner cheek, forced 
the throat plate completely from its 
position, throwing the upper end 
against the opposite side of the em- 
brasure, and leaving it in the open- 
ing inclined at an angle of about 450. 
The plate of boiler iron of the outer 
offset was thrown from its position 
to the front, out of the embrasure. 
The horizontal dimension of the em- 
brasure at the throat was enlarged 
by this shot, and by those on the 
opposite cheek, to 4^ 10". The brick- 
work to the right of the jwint where 
the ball struck was considerably 
carried away within a radius of about 
1' 9" to 1' 10", and several cracks in 
the beds of the brickwork, extended 
5' to 5^' to the right. Three large 
cracks also extended to the top of the 
wall obliquely to the right and left. 
The main effect of this discharge was 
caused by the ball passing entirely 
behmd the throat plate, between it 
and the masonry, forcing the plate 
laterally from its position, as no sup- 
port whatever was furnished by the 
opposite throat, it having been car- 
ried away by previous discharges. 
The plate was not touched by the 
ball or injured by the effects. All 
the brickwork of the inner cheek, 
except a part of the three lower oor- 
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plate was indented, and bent gene- 
rally inwards from its true position 
about If". The top and bottom re- 
mained in position, but at the top 
the joints around the plates were 
considerably deranged, and opened 
about i". Nearly all the sixteen J" 
plates composing the throat plate 
were cracked directly behind the 
crater, and two of the bolt heads 
were knocked off on the inner side. 
Directly behind the throat plate on 
the inner cheek, a wedge-shaped 

and running to nothing at the sole, 
and extending towards the inner 
face from 9" to 12'', was knocked off, 
and two cracks extended horizontally 
on the cheek from the throat plate 
to the inner face of the wall. The 
arch was just visibly cracked from 
the throat to the inner face along 
the string course directly behind the 
left throat plate. The skew-back 
joint on the same side showed a de- 
cided derangement, say ^'' on the 
inner face. The brickwork of the 
whole inner cheek was started in- 
ward about i of an inch. No addi- 
tional disturbance on the other side 
of the embrasure. Embrasure still 
serviceable. 


190 


24 


i 


Ball 


24 


i 


95 


Left 

cheek, 

No. 9 


Ball struck 7$" from the bottom of the 
extreme left iron offset plate, grazing 
edge of the concrete, struck iron 
about ^" from the left perpendicular 
edge, depth of penetration 1' 4". 
Exterior diameter of indentation 8^". 
Diameter of the hole made by the 
ball in entering 7". Interior of ca- 
vity made by the ball V 2". The 
left side of this cavity was about 2" 
from the concrete cheek. Ball struck 
the rear part of the offset plate, next 
the throat plate, and changed direc- 
tion to the left. Rear plate broken 
in two. Inner face of the offset car- 
ried away. Ball carried before it a 
piece of the outside boiler plate. 
Ball bent the throat plate ; broke off 
the bolt head, and fractured the 
outer edge of the first throat plate. 
Two bolts behind the ball bent down- 
wards. Boiler plates separated from 
concrete in direction of the middle 
of the target. Fractui'e in the brick- 
work behind throat enlarged to 1' 3" 
in width along the cheek. AU the 
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brickwork of this cheek driven in 
about half an inch; many of the 
bricks were broken, and several ad- 
ditional cracks up and down the 
cheek. The ball broke into frag- 
ments against the throat plate. No 
fragments thrown against the screen. 
Repairs might be soon made which 
would put the embrasure in service- 
able condition. 



191 



24 



Ball 



24 



95 



Left 
cheek. 
No. 9 



Ball struck the boiler plate just above 
the previous shot, passed through 
between the throat plates and brick- 
work ; carried away all of the offset 
above the previous shot, and bent in 
the throat plates at the bottom. The 
bricks lining the interior of the em- 
brasure, jarred out of place. An open- 
ing behind the throat plate, caused 
by the ball, from 3" to 6" wide, and 
extended from top to bottom. By 
removing the throat plate the em- 
brasure will still be serviceable. 



192 



24 



Ball 



24 



95 



Left 
cheek, 
No. 9 



Ball struck the throat plates just below 
the shot which struck in No. 189, 
carried the throat plate to the rear 
20'. First eight plates thrown to 
the right, and the second eight to 
the left. All of the plates fractured. 
All of the bolts connecting the two 
sets of plates broken. Embrasure 
still serviceable. 




Edge view of the eight 
i inch plates, form- 
ing the outer half of 
the left throat pieos 
of No. 9. 



Edge view of the eight 
i inch platee, form- 
ing the inner half of 
the left throat piece 
of No. 9. 
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ners, was carried awaj, and the in- 
ser arch was cracked through and 
through, from the spring to the crown, 
and also along the joints of the lower 
string course. 
A part of the screen, about 7 feet 
square was carried away. 



196 



m 



Ball 



68 



200 



Left 
cheek, 
No. 8 



The shot struck the left throat plate 
. about 4^" below the top, lapping on 
the throat plate about half the dia- 
meter of the ball, was deflected to the 
right, breaking out small segments 
from four of the plates, and bending 
the inner plate l| inch. Penetration 
4^ inches. It also broke off a wedge- 
shaped piece of cast iron V high, 3" 
thick, and 2 J" to 4^' broad, measured 
towards the inner face. The cast 
iron was also cracked horizontally 
about 4" below the roof of the em- 
Fig. S. 
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1 
















brasure. Two other small cracks 
were also made, but probably not 
through the mass. Behind the cast 
iron on the inner cheek a wedge- 
shaped mass of brickwork about 1' 
high, 3" thick, and 9" broad, mea- 
sured along the cheek, was broken 
off, and several minute cracks on 
the inner face, directly behind the 
iron work were distinctly visible. 
A crack was also made on the inner 
arch, aloDg the ring courses, about 
b" from the inner face, extending 
from the springing line to within six 
inches of crown. No disturbance 
was visible on the inner face of the 
wall, nor bottom of inner cheeks. 
A small part of the arch 2" thick, 
where the cast iron enters, was bro- 
ken off. Also a small piece of the 
outer granite sill from pintle to throat 
plate, 6" wide and 7" deep; see a, 
Fig. T. Embrasure still serviceable. 


197 


8 


lOi 


Ball 


68 


} 


200 


Left 
cheek, 
No. 8 


The shot struck the upper part of the 
left outer offset, including a portion 
of the arch, passed through the off- 
set, leaving the lower part in posi- 
tion, striking the throat plate about 
6J" from the upper end, 2J" from the 
left edge ; indented and penetrated 
this plate about If". The ball was 
then deflected to the left, and passed 
through in fragments between the 
throat plate and masonry. The head 
of the arch where the ball struck 
was considerably carried away with- 
in an exterior radius of 1' 6". The 
cracks in the brickwork did not ex- 
tend to any great distance from the 
crater (say 1' to 15") • The top of 
the throat plate was forced in and 
to the right about 15 inches, and was 
left standing at an angle of about 
760 with the horizon. By removing 
this plate, the embrasure will still 
be serviceable. The oast-iron back- 
ing was broken off about 1 foot above 
the sole of the embrasure, and the 
upper portion thrown to the rear in 
four pieces, about 15 feet. The inner 
arch was broken in two, from cheek 
to cheek, and its junction with the 
opposite cheek considerably dis- 
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turbed. A part of the head of the 
inner arch 4" to 6" thick, from the 
spring to the crown was carried 
away. The inner cheek behind the 
x>int where the ball stmck was bad- 
y fractured in all directions. About 
^ of the brickwork composing it was 
carried away entirely. The rest was 
forced inward from 2" to 3". On the 
inner face the cracks extended from 
the arch to the top of the wall, and 
horizontally 3' from the fractured 
cheek. The sills remain entire and 
immovable, and the other cheek was 
not at all injured. 


198 


8 


lOJ 


BaU 


68 


f 


200 


Left 

cheek, 
No. 8 


Ball struck the throat plate that was 
left inclined before, and carried away 
this plate. No other effect. 


199 


8 

/ 


m 


Ball 


68 


f 


200 




The shot struck the boiler plate of the 
right outer offset, 2' from the sill, even 
with the spring of the arch, and 3J" 
from the outer edge of the plate. Dis- 
turbed the outer course of the brick, 
just underneath and to the right of 
the point struck, within a radius of 
about 2' 2f'. Also disturbed the two 
outer courses of brick above the crown 
of the arch. Cracks of small extent 
in the wall near the top, just over 
the point struck. Ball carried away 
the upper part of the boiler plate, also 
the whole of the throat plate. The 
latter fell about V in rear of the em- 
brasure. Cast-iron mass broken off 
15" above the sole ; the upper part 
was carried to the left and rear, in 
two pieces, one 15', the other 25' from 
the embrasure. The oast-iron piece 
remaining in place was slightly in- 
clined towards the centre of the em- 
brasure; more than f of the inner 
arch carried away. Brick facing to 
the thickness of half a brick, was 
carried away from the inner cheek. 
A slight disturbance between the 
inner and outer sill, caused by the 
latter being wedged outward by cast- 
iron pieces. The inner sill was not 
disturbed, except the vertical joints, 
which were very slightly cracked. 
Joints all slightly disturbed in the 
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stonework of the inner face above 
the arch, and extending to the top of 
the wall. Some cracks made before 
were enlarged, and some new ones 
caused in that facing. A small 
wedge-shaped piece of stone was 
brokwi from the outer sill at the 
throat, between the iron work and 
pintle hole. Embrasure serviceable, 
provided the remaining pieces of cast 
iron be removed. 


200 


8 


m 


Ball 


68 


i 


200 


Left 
of wall 
between 
No. 9 
and the 

end 


The bail struck 2' above and 1' to the 
left of the point aimed at, carrying 
away all the wall above the point 
struck, from the end of the wall to 
Embrasure No. 9. 


201 


8 


lOi 


Ball 


68 


f 


200 


Do. 


Ball struck a little to the right of the 
mark, and Z" or 4" above. 


202 


8 


lOi 


Ball 


68 


f 


200 


Do. 


Ball struck V from the bull's eye, and 
to the. right above. 




Note. — The last three shots were fired 
to get the elevation of the piece, pre- 
paratory to firing at the cheeks of 
No. 7. 


203 


8 


lOi 


Ball 


68 


i 


200 


Centre 
No. 7 


The shot struck the lintel about 4" 
above the lower edge, and 5'' or 6" 
to the left of the right outer edge ; 
shattered the lintel in all directions, 
and disturbed the joints obliquely to 
the right and left, as far as the top 
of the waU. The ball was deflected 
downwards, and stopped, after pene- 
trating as far as the offsets of the 
shutters, say 10". It was broken in 
pieces (partially against the offsets 
of the shutters), two or three of 
which passed through the screen. 
The screen was not otherwise injured. 
The fracture in the lower portion of 
the lintel extended in as far as the 
throat, and towards the left in two 
large cracks about 1' 10". To the 
right, the lintel was fractured and 
broken off to the depth of 4^', as far 
as the end and top, t. e. 1' 3". The 
inner lintel was slightly disturbed in 
its bed, and the end behind the point 
struck, started in. Hie disturbance 
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200 



200 



1 



Centre 

of 
No. 7 



Do. 



RBMA&Kt— Jal7 26 and 27, 1855. 



was barelj perceptible ; the iron was 
not moved ; neither of the sill stones 
were at all distnrbed. Slight oraoks 
on the inner face extended to the 
top of the wall. The embrasure as 
serviceable as ever, and its general 
strength not at all impaired. 

Fig. U. 



■ 


wK^ 




■ 


■1 






1 






[■ 






9i 


■ 


^^^1 


1 


■ 



Passed through without touching the 
embrasure. 



The ball struck the offset of the right 
shutter, the shutter being open, 4^" 
below the top, lapping on the ol&et 
veiy nearly the entire breadth of the 
latter, say 3"; passed through this off- 
set, and through three thicknesses of 
i" iron of the shutter between the off- 
set and the hinge. The upper gudgeon 
of the shutter was broken off where 
it entered the socket, and the shutter 
entirely disabled. The ball was de- 
flected from its direction, as it ap- 
proached the throat plate, indenting 
the latter 1\" on the outer lace, and 
J" in the inner face of throat plate. 
A small piece of the outer plate about 
2" square was broken off. The ball 
broke in many pieces, and was de- 
flected through the screen to the left, 
carrying away a portion of the board- 
ing, about 6' by 4f. The cast-h-on 
backing of the throat plate was 
broken through directly behind the 
ball, and a small wedge-shaped mass 
8" high, 4" broad, and 1 J" thick, was 
scaled off. The upper stone of the 
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inner cheek was broken through ver- 
tically at 15'' from the inner edge of 
the embrasure. This fracture proba- 
bly passed through the inner dowel 
of the cheek stones. Near the cast 
iron, there was another crack across 
the lower comer of the upper cheek 
stones,which possibly passed through 
the outer dowel of the inner cheek. A 
wedge-shaped mass of stone 7" broad 
by high, and 2" deep at the thick- 
est part, was scaled off the upper 
cheek stone near the iron. The in- 
ner portion of the broken cheek stone 
was pushed to the rear from 1'' to 2'', 
and the joint between it and the lin- 
tel considerably opened. Cracks in 
the inner face were considerably en- 
larged, and extended vertically to 
the top, and horizontally to the end 
of the wall from the lintel. The 
joint between the lintel and the other 
inner cheek was also disturbed. The 
lintel appears to have revolved about 
the inner vertical edge of the oppo- 
site cheek. The upper bed of the 
lintel was also disturbed 2' to the 
right of the embrasure on the inside. 
Tlie lower stone of the inner cheek 
on the side struck, was also slightly 
disturbed in all its joints, but not to 
move it from its position. The sills 
were not disturbed. Embrasure still 
serviceable by removing the broken 
shutter. 



206 



lOi 



Ball 



68 



200 



Centre 

oif 
No. 7 



The ball struck the edge of the left 
shutter, which was open, about half 
way between the top and bottom, 
overlapping it about ) the thickness 
of the shutter, out out a segment of 
the inner plate 6J" high and 3" 
wide, was then apparently deflected 
very slightly to the right, out its 
way through the of^et of the shat- 
ter, and the perpendicular portion 
inside buckling the latter up against 
the throat plate. The shutter was 
completely disabled, the upper socket 
being forced entirely from its posi- 
tion. The throat plate showed a 
very slight bend, and the top was 
thrust in Ij^" towards the axis of the 
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embrasnre, bnt nothing more. The 
ball was broken, and the pieces de- 
flected against the opx)osite cheek 
(breaking the upper stone and de- 
taching nomerons pieces and caus- 
ing numerous cracks in it), thence 
through the embrasure to the right, 
carrying awaj a portion of the screen 
measuring about 6' by 3'. Nearly 
all of the stone ol&et in the outer 
cheek behind the shutter was carried 
away, and a wedge-shaped mass 2' 
4" high, 1' 4" broad, and 6" in great- 
est depth, was broken off the outer 
sill at the throat, between the iron 
and the pintle hole. On the outer 
face of the wall no additional cracks 
were visible. On the inner cheek op- 
posite the side struck, the junction 
of cast iron and cheek stones was 
slightly disturbed. The cast iron on 
that side was not injured. Embra- 
sure still serviceable by removing 
the shutters. 



Note. — At this stage of the experi- 
ments the disabled shutters were 
removed. 



207 



lOi 



Ball 



68 



200 



Left 
cheek, 
No. 7 



The ball struck the left throat plate 
11 J" below the roof, overlapping the 
inner edge of the plate somewhat 
more than half the diameter of the 
ball ; cut a segment from the outer 
plate of the throat piece 9" high by 
i" broad, and small pieces from the 
two adjacent plates. The ball pene- 
trated and bent the plate 4^'' before 

Fig.V. 
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it glanced off. The plate was bent 
on the Inside about 2^^', and tlirust 
towards the axis of the embrasure 
5" at the bottom, and J" at the top. 
Behind the wrought iron, a wedge- 
shaped mass of cast iron 2'f high by 
10" broad and 5i" at its greatest 
depth, was broken off and thrown to 
the right and rear, in two pieces, one 
10' and the other 25' distant. The 
fracture in the oast iron was con- 
tinued into the cheek stones, break- 
ing from them (about equally from 
each) a wedge-shaped mass, 2' 6" 
high, 9" wide, and 2J" average thick- 
ness. The top of the throat plate 
struck, was thrust in about j". 
Very little additional disturbance 
towards the rear at the bottom. 
Both the inner cheek stones on the 
side struck were disturbed in all 
their joints and thrust to the rear 
about i" to J". No additional dis- 
turbance in the inner sill and lintel. 
The ball was probably not broken, 
and went to the right and rear. 
Embrasure still serviceable. 


208 


8 
8 

8 


lOi 


Ball 


68 


i 


200 


Left 
cheek, 
No. 7 


Ball passed through without touching. 


209 


lOi 


Ball 


68 


i 


200 


Do. 


Ball struck the lintel about 1' above 
the lower edge, and about 6" to the 
right of the left outer edge of the 
embrasure. Ball broke and glanced 
downwards through the embrasure 
in many pieces, carrying away about 
j of the outer lintel. The portion 
which remained was shattered into 
many pieces ; its resisting powers 
entirely destroyed. No additional 
disturbance to the throat plate. The 
inner lintel was entirely carried 
away in two pieces, and two stones 
frorii the comer above it. The cheek 
stones remained as before. On the 
outer face of the wall, the cracks 
from the embrasure to the top of the 
wall were considerably enlarged. 
Embrasure still serviceable. 


210 


m 


Ball 


68 


i 


200 


Do. 


Ball Btruck the left throat plate 5" 
below the top, overlapping the right 
edge about i the diameter of the 
ball, cut out small segments from 
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the two outer J" plates, and was de- 
flected to the right. All the eight 
plates were bent to the rear about 
2" ; some of them cracked. A piece 
of the inner one, about 1^^' wide, 
extending down 6'' from the top, was 
broken oflf. The top of the throat 
plate was set in towards the axis 
about i" more than it was before. 
No additional derangement in the 
sills or cheek stones. Embrasure 
still serviceable. 


211 


8 


lOi 


Ball 


68 


i 


200 


Left 
cheek, 

No. 7 


Ball struck the left throat plate above 
the middle, passing to the rear be- 
tween it and the masonry, and car- 
rying the plate and the upper half 
of the cast-iron backing, about 20 
yards to the right and rear. 

The inner opposite cheek was struck 
by some of the fragments, and the 
fractures enlarged. Another piece 
of the upper stone of the inner cheek 
was carried away, about 8" wide, 1' 
high, from 4 to 6'' thick. A piece of 
the stone above the outer lintel 17" 
long and 1" thick was also carried 
oflf. Embrasure still serviceable. 


212 


8 


lOi 


Ball 


6S 


f 


200 


Do. 


Ball struck the top of the right throat 
plate, knocked it and the cast-iron 
backing from its position, leaving 
them across the throat of the em- 
brasure, and breaking oflf a wedge- 
shaped mass of stone 18" long, 19" 
high, and 4^" in average thickness 
from the lower stone of the inner 
cheek. The ball glanced to the inner 
opposite cheek, starting the inner half 
of the upper cheek stone about 4" to 
the rear, and cracking the other por- 
tion in all directions. The inner 
portion of the upper sill stones be- 
hind the side struck, was knocked 
oflf, the fracture passing through 
the inner dowel hole. Embrasure 
scarcely serviceable without some 
repairs. The stonework above the 
roof of the embrasure would require 
propping up by some timber to pre- 
vent the blast of the piece from 
bringing it down. The principal 
cracks in the cheek stones were 
through the dowel holes. This shot 
was broken. 
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Table No. 16. 
Firing against 2d Target with Sowd Shot of 128 pounds weight. 



Gun 10 inch Columbiad, length 10' 6'', weight 15,400 lbs. 
Platform level with bottom of target. 
Axis of gun 4 feet above platform. 



0«H 




•5 . 

n 


t 




o 

1 


i 

5 


i 


Rbmarkb— July 28, 1855. 


Wo. 


inch. 


Ibe. 


kind 


lbs. 


degrees 


yds. 1 at 




213 


10 


18 


Ball 


128 


i 


114 


Granite 

mafionry 

between 

No. 7 

and end 

of sill 

stone 

course 


Ball struck at the point aimed at. 
Penetration 7f " ; was itself broken 
up, shattering the wall badly in all 
directions, and opening the vertical 
joints in many places, as much as 
4" to 6". The ball jtruck a hori- 
zontal joint; shattered the upper 
and lower stones into a great many 
pieces. In rear of the point struck, 
two stretchers from 2' to 8' long were 
knocked out of the inner facing. 
All of the joints in the wall were 
disturbed by previous shots. The 
result was not, therefore, a fair test 
of the resisting powers of a 6 feet 
granite wall. 


214 


10 


18 


Ball 


128 


i 


114 


Granite 
between 

7&8 
on a line 
with the 

sole of 
the em- 
brasure 


A good line shot, but struck 1' above 
the point aimed at ; was broken as 
before. Penetration 10". Shattered 
the two adjacent stones above and 
below, in all directions, and opened 
all the vertical joints to the top of 
the wall, in some places as much as 
1" to 2". The stretchers in both 
courses between the stone struck, 
and the cheek stones of No. 7 were 
thrust out 2" or 3" towards the bat- 
tery, revolving around the vertical 
edge farthest from the point struck. 
The horizontal courses below the 
stones struck, suffered very little 
disturbance. The ball struck 2' 9'' 
from the brickwork. There was a 
general separation of the stone and 
brickwork to the top of the wall, 
but not extending below the course 
struck. On the inner face of the 
wall, there was little additional dis- 
turbance. Opposite the point struck, 
the stones did not appear to have 
been started in. One stone, about 
2' from the top of the wall, was 
started in about V. 
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215 


10 


18 


Ball 


128 


i 


114 


Charles- 
ton 
brick 
between 

7&8 

on a line 

with the 

sole 


Ball Struck the point aimed at. Pene- 
tration 3 feet 5^ inches. Exterior ra- 
dius of crater 3 feet 3 inches. The ball 
unbroken remained in the bottom of 
the crater. To the right of the point 
struck, the openings caused hy shot 
No. 214 were enlarged, and several 
additional cracks were made, ex- 
tending obliquely to the top of the 
wall. On the inner face, the cracks 
did not appear to extend to the 
foundation of the wall. The inner 
stone facing, to the extent of 5' high 
and 4f broad, was knocked out, and 
nothing but broken fragments of 
concrete from the heart of the wall, 
covered the ball. Upon removing 
these by hand, the ball was disco- 
vered. A very little more powder 
would probably have sent it entirely 
through. The inner facing of the 
wall was rubble masonry, of small 
dimensions. 


216 


10 


18 


Ball 


128 


i 


114 


North- 

em 
brick- 
work 


Ball struck about 1' above the ground. 
Penetration 3' 11". Exterior radius 
of crater 2' 3". The wall was cracked 
to the top, but not badly, there being 
only one crack of that extent. The 
small cracks radiating from the cra- 
ter were not generally more than 10" 
or V in length. About 5' above the 
ball, there was a horizontal crack 
extending entirely across the brick- 
work between embrasures Nos. 8 and 
9. This was caused in part by pre- 
vious shots. The general effect of 
the ball in this brickwork was far 
less extensive than in the granite. 
On the inner face of the wall, cracks 
were made extending from top to 
bottom, though not large. Nearly 
all the horizontal joints were slightly 
disturbed. One stone, about 18 to 
20" square, directly behind the ball, 
was started to the rear about 9", and 
the one above it from 3" to 4". The 
ball was not broken. 


217 


10 


18 


Ball 


128 


i 


114 


Charles- 
ton 

brick to 
left of 
No. 8 


Ball struck about 3^' to the left of No. 
8, on a line with the sole. The ball 
passed unbroken through the wall, 
and about 20' to the rear. Maximum 
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radius of crater on the exterior face 
2f 10", No extensive cracks in ad- 
dition to those existing before on the 
interior of the wall ; all the rubble 
(inner) facing, extending from Km- 
brasure No. 8, nearly half way to 
No. 9, was carried away. In the 
part remaining, no additional cracks 
of great extent were caused. 


















NoTB. — In the Charleston, as in the 
northern bricks, although the local 
effects are considerably greater than 
in the granite, the general effects 
are less extensive. There were fewer 
vertical cracks to the top of the wall. 



target led to 
greater care 
ia building 
2d. 



SECTION YI. 

Remarks as to Condition^ Comparative Strength^ §-c., 
of the Two Targets. 

Want of 86. In noting the effects of firing upon the masonry 

rilinn^Jt^" ^^ '^^ ^^®* target, it was plain there was not so great 
a degree of cohesion between the mortar and other 
materials as had been expected from the pains taken 
in the construction. Whatever may have been the 
cause, this was made very evident by certain results 
in the course of the firing; and it induced more than 
common care, as to materials and workmanship, in 
the construction of the second target. 

87. As to comparative strength and solidity, there- 
fore, the 1st target may, probably, be regarded as in 
no degree superior to walls of the same materials and 
age, in fortifications generally. 

88. While the second target, constructed with strict 
conformity to the instructions before quoted, was pro- 
bably somewhat better than such walls. 



Solidity of 
Ittt target, 



•ad of 2d. 
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89. Both were, however, much inferior in hardness S^^JS^^^n^ 
smd cohesive strength to what they would have be- SJth uSeu. 
come, even in some ten or fifteen years. And it is 
worthy of consideration that the brick, and the con- 
crete portions, were much worse off in this particular 
than the part formed of granite blocks, since the 
importance of time, as an element of strength in con- 
structions of this nature, is the greater as mortar 
enters in the greater proportion — that is to say, is of 
much more importance in brick masonry, or in con- 
crete, than in stone masonry, or at any rate in coursed 
stone masonry; in the latter, its importance being 
inversely as the magnitude of the individual stones, 
that go to make up the wall. 

90. The shutters of Embrasure No. 7 (2d target), f^^^^ 
though pretty well hung, were not perfectly centered; 
and the friction was therefore too great for them to 
close entirely by spontaneous movement, on the dis- 
charge of the gun — although one leaf closed, and 
remained shut, in one instance. The same leaf was 
about half closed by each of the other discharges ; 
while the opposite leaf, more imperfectly centered, 
was found each time moved out only one or two 
inches from the cheek of the embrasure. When the 
gun was depressed about 4°, and trained at the same 
time about 30° away from the directrix, some injury 
was done to the shutter-catch on that side, owing to 
weakness in its confining bands. 
91. On the whole, there is no reason to doubt that shmters 

may be 

shutters like these in the second target, heavy as they J{J.^^%7 
are, may be caused to close, of themselves, at each '^*'°'*®^''^* 
discharge. They must, however, be truly centered, 
and have strong, and freely moving hinge-pivots and 
latch. A stiff spring, acting on the back of each 
shutter, would, at any rate, insure the closing. 
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?amp in 92. The mortar in the interior of the masonry and 

concrete of both targets, as exposed in the breaches, 
was, although to a certain degree solid and hard, de- 
cidedly damp, not to say wet — as was plainly shown 
by the darker color of the inner portions, and as was 
evident to the touch. 
quite neT** 93. Both targets were quite new — the time inter- 
vening from the completion of the first to its destruc- 
tion, being about fifteen months ; and with the second, 
about thirteen months. 
ed by Lr"^" 94. A close examination of the diflferent kinds of 
Guimore. jj^asonry in the second target, after the firings had 
ceased, elicited the following facts, as reported by 
Lieut. Gillmore. 
iftivTldhe" 1^^* "^^^ adhesion of the concrete to the brickwork 
S-^tobri'ck was greater than to the stonework. The difference 
work. ''^' appeared to be considerable, and any material devia- 
tion from this result could always be traced to imper- 
fect manipulation. Some of the irregular fragments 
of the wall broken off by the heavy shots, and con- 
taining from one to two cubic feet, were composed of 
brickwork on one side and concrete on the other, 
connected by a vertical plane surface joint, and after 
falling to the ground from a height of 8 or 10 feet 
remained unbroken. Of the two kinds of brickwork, 
the adhesion to the concrete proved to be largely in 
favor of the northern brick. 
hidonof*^' 95. 2d. In the body of the concrete, the adhesion 
mas/es to of thc mortar to the brick fragments was somewhat 
biicka.^nd greater than to the stone fragments. The adhesion 

Btones, to O O 

to'elch""* to the gravel which was rather smooth, and to the 
'"*'®'' rounded stones placed in the different layers, was 
rather slight. It was found that, with every precau- 
tion, the junction between the masses of concrete 
made on different days, was always considerably less 
firm than between the consecutive layers made on the 
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;aine day; and the fractures from firing generally 
:;ook place along these principal planes of division, 
first. Where the concrete formed a portion of the 
face of the wall, the termination of each day's work 
could generally be readily traced with the eye. 

96. Sd. The fine concrete of Embrasure No. 9 was sdfact: fine 

concrete of 

somewhat stronger than that adjacent to it on the iJS.^Sf'''" 
face of the wall, though not to the extent which the 
double quantity of cement, which it contained, might 
lead us to expect. 

Ath. The adhesion of the mortar to the brickwork jthfact: r^ 

latlve adhe- 

appeared somewhat greater than to the stonework. ^^10 bSck 
It was difficult, however, to institute a comparison twk!''"'*' 
between these two kinds of masonry from the greater 
ease with which the brickwork could be examined. 

5M. The adhesion to the mortar was greater in the JiJi/*^^*^^"' 
northern brick than in the southern. In the former, JiJVnSth" 
indeed, this quality was quite remarkable, overcoming SJSthem 
in many cases the strength and tenacity of the brick 
itself, when it was attempted to separate a joint with 
a chisel or hammer. In such cases generally the sur- 
face of separation after following obliquely for some 
distance the mortar of the joint, would branch off 
into the brick, giving in the two materials a continu- 
ous conchoidal fracture. In both kinds of brickwork 
the mortar appeared to be harder and stronger in pro- 
portion to its proximity to the face of the wall, indi- 
cating clearly that a longer time, and a more complete 
evaporation of the moisture, in the wall, was necessary 
for the mortar to attain its maximum strength and 
hardness. The same may be said of the concrete. 

97. 6th. The adhesion of mortar to brick in the ««! fact: re- 
lative adhe- 

horizontal joints was thought to be somewhat greater JiJ'\o''bri?ks 
than in the vertical ones ; though to a very small ind^V'lrtrclV 
extent. In laying up the brickwork every precaution 
was taken, and as this final examination showed with 
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complete^ success, to secure the most perfect contact, 

and the maximum density in the vertical joints, by 

using plenty of mortar, and forcing each brick well 

up towards those adjacent to it. 

litt/eadh"' 98. 1th. In the horizontal joints, no diflference 

Tontei''*''^"' could be detected in the adhesion of the mortar to 

bric^ above tho bricks below, as compared with those above. 

or below the ' ^ 

Zhtli ad ^'^' ^^ ^^^ ^^^ appear that soaking the bricks in 
r"ki^ *"' cream of cement gave better results than soaking in 
^"^^** pure water. When the latter method is employed, 
the process loses much of its virtue, unless the bricks 
are laid as soon as they cease to drip, and before the 
film of water has left the surface ; with a stiff mortar 
it was found that much better contact could be 
secured when the brick was quite wet at the moment 
of laying. 

Thoroughly soaking the bricks will not suffice, 
unless they are laid with the free water upon the 
surface ; if such be not the case, the mortar should 
be quite thin to insure a perfect contact; but by 
making it thin, its ultimate density is impaired. 
^^y^^^e"" 99. 9th. It did not appear that the concrete was 
MiT^Jte improved by soaking the solid parts in cream of 

of concrete • -i /• 

in cream of cemcut lustcad of water. 

cement 
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CHAPTER II. 

EFFECTS OF THE FIRINGS UPON THE DIFFERENT MATERIALS 
USED IN BUILDING THE SEVERAL EMBRASURES OF THE 
TWO TARGETS. 

SECTION I. 

Effects of firing from 42 pdr. and 8" Columbiad^ with 
iron canister shot of W lbs.; 6.88 oz.; 5.10 oz.; and 
3.33 oz. — distance 200 yards. 

100. Upon granite. — Generally no effect: when ^^^^^^ 
striking near edges or solid angles, producing cracks, 
knocking off pieces of stone, and driving several 
small fragments through the embrasure (105 and 107, 
Table No. 9), (16, Table No. 3). A piece broken off 

8" by lJ"by several inches in depth (134 to 142, Table 
No. 10). Another 15" by 4" by 4" (161, Table No. 12), 

101. Upon brickwork. — Holes were made in the ^^^J^'^*'^" 
brick facing, varying in depth and diameter vrtth the 

size of the shot, the penetration being a little greater 
in the southern than in the northern bricks. - Pieces 
were broken from edges (8 and 14, Table No. 2; 15, 
20, and 22, Table No. 3). A piece 5" by 4" by 3" 
broken out of arch. (117, Table No. 9.) 



cement- 
concrete. 



102. Upon cement concrete. — ^Holes made in the ^p^^ 

■T cemei 

face of the concrete — diameter 6" to 10", depth 2" to 
4" (8, 10, 12, Table No. 2), (15, 16, 17, 18, 19, Table 
No. 3), (115 and 119, Table No. 9), (123 and 142, 
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Table No. 10). When a shot struck upon, or near, a 
solid angle, an irregular mass was knocked off from 
6" to 16" in length, by 2" to 8" in breadth and thick- 
ness (9 and 20, Table No. 2), (120, 122, Table No. 9). 



Mphaitic 103. Upon asphaltic concrete. — Holes made in the 

concrete, f^^^ 5,, ^^ ^,, diameter by about 2" depth (16, 18, 22, 

Table No. 3). One mass knocked off a solid angle, 
7" high by 4" broad; another, 17" high by 5i" broad 
(17 and 20, Table No. 3). A shot struck 4" from 
edge of asphalte, producing cracks 7" to 8" long, ex- 
tending to edge (19, Table No. 3). 

wTrife".^ ^^^* ^pon lead concrete. — ^Holes equal, about, in 
width and depth to the diameter of ball — no cracks 
and no fragments of any size thrown off (17, 18, 21, 
22, Table No. 3). 



SECTION 11. 

Efect of firing from a 42 pdr. and 8 inch Columbiad, 
with grape shot of 4:.20 lbs. each — distance 200 yards. 

gr^ue. 105. Upon granite. — Generally no effect. One shot 

cracked off the comer of a granite block 8" or 10" 
(34, Table No. 4). 

SS^n^r?!"^ 106. Upon brick masonry, — Craters were produced 
in the face about 8" in diameter and 4" to 6" deep (23, 
24, Table No. 4). At junction of brick and cement 
concrete the hole was 16" in diameter by 3" deep (28, 
Table No. 4). Shots struck near solid angles with 
various effects, generally, a few pieces of bricks were 
broken off (24, 34, Table No. 4), (179, Table No. 13). 
In one case (23, Table No. 4) the effect at the end of 
the target was considerably greater. 



EFFECTS ON MATERIALS OF TARGETS. 119 



eement- 
eonerete. 



107. Upon cement concrete. — ^The holes in the face ^p^ 
varied in diameter from 12" to 16", and in depth from 
S'^ to 4" (25, 27, 37, Table No. 4). There were vari- 
ous effects according to circumstances (28, 31, 35, 37, 
Table No. 4). 

108. Asphaltic concrete — was not struck. t^ien^? 

109. Upon lead concrete. — An impression was made ^^^^l^^ 
equal in depth to § the diameter of the ball, and of 

a diameter equal to that of the ball, which was not 
broken ; no fragments beyond mere spiculae thrown 
off, and no cracks. 

SECTION III. 

Firing from a 4c2pdr. and 8 inch Columhiad^ with muS' 
ket balls as canister shot — distance 200 yards. 

110. Produced no effect upon any of the materials J^j*|^{i, 
— the leaden musket balls being flattened upon all. fl*"®'^®^ 

SECTION IV. 

Firing with 42 jprfr., spherical case shot filled with mus- 
ket balls — distance 200 yards. 

111. Upon granite. — ^When granite was struck be- upon 
fore the bursting of the shell, the effect was consider- 
able — pieces being broken off — cracks produced — 
joints opened, and motion caused in joints (39, 42, 

43, Table No. 6). 

112. Brick masonry — was not struck. mM?nry. 

113. Upon cement concrete. — ^When a solid angle upon 

•* ... cement- 

was struck, the effect was considerable — ^pieces, some- concrete. 
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times of large size, being knocked off (40, 41, 47, 
Table No. 5). 



i^plTaitic 114. Upon asphaltic concrete. — A shell striking per- 

toncrete. pendlcularly on the face, produced a crater 2 feet in 

diameter and 7 inches deep. The bursting caused no 

further injury. The embrasure was still serviceable 

(48, Table No. 5). 

create.'''''" H^' Tkc Icucl concrctc — was not struck. 



SECTION V, 

Firing from a H2 pdr. with loaded shells — distance 200 

yards. 



Tpon 
granite. 



116. Upon granite. — The granite blocks near the 
right top course being struck, were considerably dis- 
placed (86, Table No. 7). 

IdmSi?/^?^ 117. Upon brick masonry. — A crater was formed 2' 
in diameter and 1' deep; shell broken by the concus- 
sion (87 and 88, Table No. 7). 

^oncrl^^ 118. Upon lead concrete. — A crater was produced 
1' 4" wide and 8i" deep. The shell exploded in the 
crater — no cracks, and none but minute fragments 
sent off from the lead (88, Table No. 7). 

Rabble 119. The rubble masonry, cement concrete, and iw- 

crSrinT" P^ciltic concrete — were not struck. 

asphaltic 
concrete. 
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SECTION VI. 

Firing from a 24: pdr. with solid shot — distance 95 

yards. 

120. Upon cement concrete. — Ball, striking not far ^^;^^. 
from left end and top of target, penetrated 1' 10"— '"'^'"*•• 
crater about 3' 6" in diameter, extending to top- 
cracked the wall through, and out to the end — ^ball 

did not break (182, Table No. 14). 

121. Another, struck a little lower, entered 1' 3 J", f^^^^^'^ 
diameter of crater 2' 6" — made a crack out to the end 
(about 5 feet), (183, Table No. 14). 

122. Another, penetrated (about 10") to the outer Another, 
sill stone, which is cracked slightly, as well as the 
inner one, without displacing either— cracking and 
disturbing a little, the brickwork and iron work of 

the throat of the embrasure (No. 9), see (184, Table 
No. 14). 

123. Another ball struck bebw Embrasure No. 9, Another, 
at the junction of the cement concrete and brick- 
work, passed through a thickness of 2 feet into and 
through the tongue hole, which was 7 inches high : 

did not touch its top, bottom, or sides, carried away a 
mass of concrete in front of the sill, which it cracked 
but did not disarrange (see 185, Table No. 14). 

124. Other shots from the 24 pounder aimed chiefly other Bhott 
at the iron work of the embrasure, broke away more 

or less of the contiguous concrete and brickwork. 
Effects upon the iron work to be stated further on. 
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SECTION YIL 



Firing from a 42 pdr. with solid shot — distance 200 

yards. 

grauue. ^^S. TJpon granite. — ^The craters formed in this 

material by shots striking perpendicularly, were of 
irregular form — from 1 J to 3 feet in diameter, and in 
depth about 4 inches. When the balls struck near 
edges, fragments, sometimes large,- were broken off; 
and in some cases fragments of the stone and of the 
shot, passed through the embrasure, tearing away 
large portions of the screen behind. Moreover, cracks 
were thrown off to a considerable distance from the 
point struck, often entirely through the largest stones. 
Joints were opened for some distance. The balls were 
generally broken (see 57, 58, 59, 60, 61, 77, 78, 79, 
80, 83, 84, Table No. 7). 

bfe-worilT 126. UponrvhUe-work. — The interior rubble facing 
of the target, which was of rather small stones, and 
not well tied to the wall by headers, was started in- 
wards in dne or two cases; and was frequently 
cracked and jarred. 

Upon brick- 127. TJpon brickwork. — ^When the ball struck the 
wall perpendicularly, the craters formed were in 
diameter about 2' 6" and in depth from 1' 6" to 2^. 
Where the rear lining of the target was of brick- 
work, the portion behind the crater was considerably 
cracked and jarred. The greatest effect was pro- 
duced by shot No. 65, Table No. 7, which see. The 
balls generally did not break (49, 59, 60, 64, 65, 66, 
68, 69, 70, 72, 76, Table No. 7). 
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cement- 
concrete. 



128. Upon cement concrete. — ^The eflfect was great, ^j»^j, 
particularly when the balls struck near a solid angle ; 
considerable masses were then broken off; cracks were 
generally produced, with a shattering of the material. 
Balls sometimes broken and sometimes not. (61, 62, 
63, 64, 76, 81; 82, Table No. 7.) 

1 29. Upon asphaltic concrete. — Effects very decided. J^ph^'auic 
The concrete was either removed entirely when struck, •^*'*''®** 
or very much cracked and shattered. (66, 72, 73, 83, 
Table No. 7.) 

130. Upon lead concrete. — The effect was very ^p^«»Jj^»d 
favorable to this material; the penetration was 12 
inches, and the diameter of the crater from 14" to 16", 

of very regular form — no fragments of any size — no 
cracks. The balls were broken and stopped. (49, 
67, 70, Table No. 7.) 



SECTION VIII. 

Firing from S-inch Columbiad^ with solid ball of 68 lbs. 
Distance 200 yards. 

131. Upon granite. — When the stone was struck ^po» 

-* •^ granite. 

directly, as in 203, 209, Table No. 15, the effect was 
great, fragments of stone being broken off, sometimes 
large, and carried through the embrasure with much 
force — extensive cracks being produced, and joints 
opened, and disturbed in the vicinity of the point 
struck, both on the inside and outside of the wall. 
When the irons were struck, the granite in contact 
with them was broken, cracked, and shattered — joints 
being opened or jarred in some instances for a con- 
siderable distance from the point struck. (196, 199, 
203, 205, 206, 209, 211, 212, Table No. 15.) The 
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balls were generally broken, and passed through the 
embrasure in fragments, tearing away, with pieces of 
stone, large spaces from the screen. 

Upon brick- 132, Upon brickwork. — A considerable crater was 
produced by striking this material. Generally the 
effect seemed confined to the immediate vicinity of 
the point struck ; although in some cases there were 
pieces of the brick wall broken off, and cracks pro- 
duced on the inside as well as on the outside of the 
wall. (195, 196, 197, 199, Table No. 15.) 



?em?nt ^^^' ^^^ cemetit concrete. — The penetration 

couc'rete. ggemod to bo about two feet (193, Table No. 15). 
Cracks were formed, extending for several feet in 
different directions. The material was much shat- 
tered at, and near, the point struck. When striking 
cement concrete alone, the balls were not broken 
generally. 

masSiS'^^^^ 134. Upon rubble masonry. — This was not struck 
in this firing, but the effect of the ball was, in many 
cases, transmitted through the wall, and where the 
inner face was of rubble, caused cracks therein, and 
occasionally threw off small portions that were not 
well tied in. 

Asphaitic 135, The asphaltic concrete was not struck in this 

concrete. -* 

firing. 

SECTION IX. 

Firing from 10-encA Columbiad, mth solid balls of 
1 28 lbs. Distance 114 yards. 

^^i3te ^^^* ^P^^ granite. — The penetration in granite 

was from 71 to 10 inches — the effect was to shatter, 
crush, and crack in all directions, the stones at and 
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aear the point hit. Joints between the granite blocks 
w^ere opened, sometimes as much as four inches. In 
the firing (214, Table No. 16) two of the blocks near 
tlie point of impact were, by reaction, brought out 2" 
oi: 3" in a direction opposite to the shot's motion — 
tliat is to say, towards the gun. The effect upon 
tine surrounding bond was much less — indeed, it was 
quite slight in directions where there was firm sup- 
port, that is, towards the foundation, and towards the 
left — than upwards and towards the near right end 
of the target. Some rubble-stones in rear of the 
points struck were knocked out of the rear facing. 
(213, 214, Table No. 16.) 

141. The rvbhle was not hit by these balls ; but babbie. 
when it formed the inner facing of the target, behind 

the point of impact, it was started from its bed, and 
sometimes stones were thrown entirely out. (214, 
215, 216, 217, Table No. 16.) 

142. Upon brickwork, — Although the local effects ^pjj'"'*^^- 
in this material appeared to be considerably greater 

than in granite, the general effect was less wide- 
spread ; but this may have partly, at least, been due 
to its being supported on both sides, while the granite 
was sustained on one side only, by much masonry. 
There was no apparent difference as to resistance, 
between the northern and southern bricks. In one 
case (217, Table No. 16), the ball passed entirely 
through the wall. But it is essential to bear in mind, 
as to all these effects, that the target was then very 
much shattered by previous firing. Of course the 
resistance to many of these heavy balls was consider- 
ably less than it would otherwise have been. (214, 
215, 216, 217, Table No. 16.) 

143. The cement concrete was not struck by any of poTc«te. 
these 10-inch balls. 
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CHAPTEK III. 

EFFECTS OF FIRINGS UPON THE IRON SHUTTERS, THE IRON 
FACINGS, AND THE IRON THROAT PIECES OF THE EM- 
BRASURES. 

SECTION L 

Effects upon the shutters of i" boiler iron^ produced by 
musket balls^ canister shot, and grape shot, fired from 
large guns within short distances. 

biiS!"*^** 144. Musket balls produced no eflfect. 

?hor weigh- 1^^' Canister shot, weighing 5.10 ounces, made a 
6°fo om!" rather slight indentation. In one case the plate of 
iron was cracked open. In another, a piece one-half 
the size of the ball was cut out of the edge ; and in 
another, the hinges were broken or strained. (15, 20, 
21, 22, Table No. 3.) 



Canister 
shot of U 
lbs. weight. 



146. Canister shot, weighing IJ lb. each, produced 
in these shutters depressions from }" to I" deep^-one 
shot caused a crack. (14, Table No. 2.) 



ofTI)u>8* 1*^- (^^^P^ ^^^^ of 4.20 lbs. each (diameter 3'M7) 
weight. passed through, or entirely carried away, these i inch 
shutters. (25, 28, Table No. 4.) 

Spherical 148. A spherical case shot struck one of these i" 

case snot. •* 

shutters, and cut out a segment 9" high, and 2i'' 
broad ; but the shutters were notwithstanding left on 
their hinges. (47, Table No. 5.) 



EFFECTS UPON IKON SHUTTERS AND FACINGS. 127 



SECTION II. 

'Effects of firing upon the shutters li inch thick, com' 
posed of three plates of i inch boiler iron, well riveted 
together. 

149. Canister shot, weighing 3.33 ounces, made only 2o"t'of 3.3s 
SL slight indentation on these shutters, one shot striking """• ^***^*'** 
t;lie latch, disabling it temporarily. (168, 160, 161, 

X62, 163, 176, 177, Table No. 12.) 

150. Canister shot, weighing IJ Ib.y produced in- Jhot om* 
dentations J" to i" deep, and li" in diameter. One ^^•^****''* 
shot broke oflf horizontal portion of the latch. (105, 

106, 114, Table No. 9.) 

151. Grape shot weighing 4.2 lbs. — Made an indenta- ofTaiu?' 
tion 4" diameter and J" deep ; the shutter was slightly ^^**''* 
bent ; the shot was broken and Stopped. (180, Table 

No. 13.) 

152. Solid shot of 68 lbs. — The shutters being open soudshot 
were struck, in one case upon the offset, in the other ^•*«^* 
upon the edge. In both, the shutters were much 
injured and disabled. (205, 206, Table No. 15.) 



SECTION III. 

Effects produced upon the boiler iron facings (i'' thick) 
of the offsets of the embrasures, by musket balls and 
canister shot. 

153. Musket balls and canister shot, varyina: in Musket baiu 

' ./ o and canister 

weight from 3.33 oz. to li lb., produced no injurious itgiL^^^it 
effect — that is to say, when the offsets of the embra- oM^^toif ib. 
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Grape shot 
did not 
strike. 



sures were thus covered, no fragments were broken 
from them and carried through the embrasures, as 
was the case from unprotected facings of stone, bricks, 
or cement, or fe,sphalt concrete. The indentations in 
these iron plate coverings of half an inch in thickness, 
made by the 1 i lb. canister balls, were from J" to i'' 
deep and 1}" in diameter. (115, 119, Table No. 9 ; 
123, Table No. 10; and from 158 to 177, No. 12, 
inclusive.) 

154. In no instance were these half-inch coverings 
struck by grape shot. 



SECTION lY. 



Effect of 42 
pdr. balls. 



Effects produced upon the 24nch offset plates of wrought 
iron inserted in the outer cheeks of Embrasures Nos. 
4 and 5. 

155. A 42 pdr. ball struck one of these 2-inch plates, 
broke a piece out of it, and jarred the whole of that 
cheek; it was itself broken thereon. Another struck 
the left throat plate, also two inches thick, cutting 
out a piece about i the area of the ball, which passed 
on ; it, besides, bent the plate a little, and jarred it 
in its position. Another struck on outer offset plate, 
broke a piece out of its middle, passed on, and was 
stopped by, and broken on, the second plate, which 
was uninjured. (49, 50, 64, Table No. 7.) 



SECTION Y. 
Effects of firing upon the wrought-iron throat pieces. 

K^canis- ^^^' ^^^ throat pieces of Embrasures Nos. 3, 4, 7, 

^rape shoT** 8, aud 9, stoppcd musket balls, canister shot of all 

wetghl^' sizes, and also grape shot of the weight of 4.2 lbs., no 

effects being produced upon them, except unimport- 
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ant indentations. (18, 20, 22, Table No. 3 ; 30, Table 
No. 4; 61 to 66 inclusive. Table No. 6); and (107, 
113, 116, 122, Table No. 9, to 138, Table No. 10; 
143 to 157, Table No. 11 ; 158 and 161, Table No. 
12.) 

157. A 42 pounder spherical case shot, weighing j^JJ^^^i 
39 lbs., struck shutter of No. 3, near its junction with ''^''^''^ 
gorge plate, indented the plate to the depth of about 

2i inches, and caused a considerable bending of the 
whole plate. (47, Table No. 5.) 

158. A solid shot from a 24 pdr., distant 95 yards, ;foud5hot,at 
was well resisted and entirely stopped, by the throat dsVardl"* 
plates of No. 9. But after several shots had struck 

the same plates, the injury was considerable — the 
final result being the entire removal of the plates. 
(189, 190, 191, and 192, Table No. 14.) 

159. Some 42 pdr. solid shots striking gorge plates ^^^' ■<^"*^ 
of No. 3 and 4, bent them, and finally tore them from 

their fastenings, (63, 66, and 74, Table No. 7.) 

160. The throat plates of No. 8, on being struck ^H' "*>i^^ 
two or three times by 68 lb. solid shot, were carried 
away, the cast-iron backing being cracked and having 
pieces broken ofi: 

161. A 68 lb. ball striking the right shutter and j^^jf^li^' ^^ 
throat plate of No. 7, was broken into many pieces, 
impressing the throat plate to the depth of li inch, 

but not displacing it — destroying the upper part of 
the shutter. (205, No. 15.) 

162. Another 68 lb. ball striking the left shutter ^^^^oj^' «« 
of No. 7, destroyed it, was itself broken, and deflected 

in fi'agments by the resistance of the throat plate, 
which was but little disturbed. (206, No. 15.) 

163. Another ball of the same calibre struck the Another, 
same throat plate, and was deflected from it. (207, 

No. 15.) 
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Another. 164^ Anothcr 68 lb. ball was received by the same 

throat plate. (210, Table No. 15.) 

Another. ^55 3^.^ another, which carried it away. (211, 

Table No. 15.) 

Another. jgg Another struck, with about half its diameter, 

the left throat plate of No. 8, near the top, cut out a 
portion, broke off some fragments from the thin plates 
of which it was composed, was deflected — did not 
materially disturb the position, or change the form of 
the throat plate. (196, Table No. 15.) 

Another. 167^ ^ 68 lb. ball was broken on the left inner 

edge of the left throat plate of No. 8, doing little 
injury to the plate, but forcing it into an inclined 
position in the throat of the embrasure — this move- 
ment of the throat plate in its own plane was partly 
owing to the damaged state of the embrasure. (197, 
Table No. 15.) 

Another. jgg ^[^^ j^g^t shot hit, aud carried entirely away, 

this throat plate. (198, Table No. 15.) 

Another. jgg^ Auothcr of these balls penetrated between the 

right throat plate of No. 8 and the brickwork, car- 
rying the throat plate through the embrasure. (199, 
Table No. 15.) 
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CHAPTEK IV. 

EXPERIMENTS UPON THE EFFECTS OF THE BLAST OF GUNS. 

SECTION I. 

Table No. 17, with preceding remarks. 

170. The course of the preceding experiments' ^*a*S^{f 
having shown, more and more clearly, the great ad- Sn^StiMt 
vantage of a reduction in the size of the opening of «^^ 

the embrasure at the throat, as well as at the exterior 
face of the wall ; some attempts were made to mea- 
sure the cone of blast at the mouth of the casemate 
gun, as it was important to know how near the path 
of the ball the solid angles forming the throat might 
be brought, without danger of being deformed, or 
destroyed by the blast of the discharge — these solid 
angles being, even in the most oblique direction of 
the gun — namely, 30 degrees from the directrix — 
only 2i" in advance of the plane of the muzzle. 

171. On some suggestiongr from the chief engineer, SSe'lT*''^' 
the following experiments were therefore made at J^H^^^ 
West Point, in August, 1855, under the direction of 
Major J. G. Barnard, of the corps of engineers, then 
Superintendent of the Military Academy, who com- ^ 
mitted the execution to Major Fitz John Porter, of 

the artillery, and Lieut. Donelson, of the engineers. 
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Table No. 17. 
Experiments for finding the Cone of Blast of a Casemate Gun. 



Gun 42 pdr., length 10' 4'', weight 5,790 lbs. 





1 

s 


A 
O 




Eemaeks— Angust 14, 15, and 16, 1855. 


No. 


lbs. lbs. 


lbs. 




1 


42 


10 


42 


Two planks of 1\" thick and ISf" wide, were set np in front of 
the gun, ^" from its muzzle. A out was made in each of them, 
so that when they were united, there was a rectangular hole 
for the ball to pass through. Figure 44, Plate IX., shows the 
distances of the prolongations of the sides of the bore from the 
edges of the rectangular hole. The gun was mounted at the 
dock, about 25 feet from the edge of the water. The planks 
were retained upright by being nailed to the pintle block. The 
planks were blown to pieces and thrown into the water. None 
of the pieces were found. 


2 


42 


10 


42 


Two logs of wood, each hewed down on one side so as to be about 
^" through, were set up in front of the gun, as were the planks 
in the last case. Figure 45 shows the position of the rectangu- 
lar hole through the timber with relation to the muzzle and 
bore of the piece, as in the last case. The logs were blown 
into the water. A not found. B was found about 30 yards to 
the front and left of the gun. The blast appeared to have had 
no effect upon it, except to blow it away as aforesaid. 


3 


42 


10 


42 


Two strips of pine plank, 4' by 2" by 1 J'', were nailed to pintle 
block, so as to be upright Q" in front of muzzle of gun, their 2" 
sides parallel to its axis. Figure 46 shows the relative position 
of the gun and strips. A was broken off 9" below muzzle, 
B 12". The pieces were not found. The part where A was 
broken was blackened as if by smoke. 


4 


42 


10 


42 


Two hickory poles, each about 4' long, and 2" in diameter, were 
nailed to pintle block 6" in front of muzzle of gun. Figure 47 
shows their distances from the prolongation of the sides of the 
bore. The poles were blown away, and not found. The nails 
securing them were some drawn and some broken. 


5 


42 


10 


42 


Two boards, each 1 J" thick, were prepared as indicated in Figure 
48. These were set upright, as indicated in horizontal and 
vertical projection, Figures 51 and 52. The 7" edge rested on 
the pintle block, a, in Fig. 52, was a piece of board nailed to 
A and B at top; 6 was one nailed to their outer edges. A 
brace rested on the middle of 6, its other end being supported 
by a picket driven into the ground. A and B were, m addition, 
secured to the pintle block by nails, a was thrown about 30 
yards to the left and rear of the gun, h and the brace resting on 
it were not much displaced. The upper end of the brace was 
blackened as if by smoke. A and B were each thrown a few 
yards outward from the gun. Figs. 49 and 50, show the con- 
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1 


^ 


12 


BSMABB»~Aiigiut 14, 15, and 16, 1855. 


No. 


lbs. 


lbs. 


lbs. 












dition of A and B after the firing. The heavy dotted lines in- 
dicate where they were broken or split. 

The space which was blackened on A and B, immediately in front 
of the muzzle of the gun, was terminated by a curve, this not 
being distinctly traceable, nor perfectly regular, the blackened 
space not terminating abruptly on the board. No difference 
was observed in the curves on A and B. 

If we intersect the cone of blast by a plane mn (Fig. 51), at a 
distance of 5^'' from the muzzle of the gun and normal to its 
axis, where this plane cuts the curves just described, will be 
points in the circular section of the plane and cone, and the 
radius of this section will be the hypothenuse of the right 
angled triangle, whose base is or and whose perpendicular is 
the observed ordinate of the curve. The distance rs corre- 
sponding to op=5^' is 6 J" (nearly) ; and by a measurement, as 
accurate as possible, of the ordinate rt of the blackened area 
(Fig. 49), corresponding to an abscissa <r=5J", this ordinate is 
found ssslOi^'. From the proportions of the figure, the distance 
or (Fig. 51) is 4.8" nearly. Hence the radius of this circular 

section will be =^(10.5")'+ (4.8'0^=11.6" nearly. 
At the muzzle, the radius is of course that of the bore of the 
piece, viz., 3^". By the construction (Fig. 53), the angle bdc 
will represent the ^are of the cone of blast ; in this case about 
55° 52'. 


6 


42 


10 


42 


A frame consisting of 4 pieces of 5" pine scantling was prepared, 
as indicated in Fig. 54. To the inner side of this and at a dis- 
tance of 6'' in front of the muzzle, were nailed two hickory 
strips, each smoothed on two sides, and each 4J" by 2J" by 1 j". 
Figure 54 indicates their distances from the prolongations of 
the sides of the bore. The frame was braced at a, 6, c, and rf, 
by 4^'' scantling running to the front and resting against 
pickets. It was also secured to the pintle block by nails. 
After the firing, Ihe top and sides of the frame, and the upper 
braces, were blackened as if by smoke. 6trip A was thrown 
in the water 100 yards to the front, B was thrown 15' to front* 
Fig. 55 shows the limit of the space on B which was blackened. 
The nails were, some drawn, and some broken. If we suppose 
the lines a 6, and c rf. Pig. 55, to be the intersections of the 
cone of blast with B, the radius, 6" from the muzzle, would be, 
by a calculation similar to that made in the preceding case, 
19" ; and the angle of flare bdc^eS"" 50'. 


7 


42 


10 


42 


Arrangements same as for the last, except A and B (Fig. 57) 
were 7" and 8" respectively from the muzzle, and B was 5J' 
long. The frame sprung a little to the rear. Frame, &c., 
blackened as in last case. A thrown in the water, to the front 
and right of the gun 20 yards. B thrown down by the muzzle 
and bent so as almost to be broken in two in the middle. The 
figure (58) shows the space on B that was blackened. The 
radius of cone, deduced on the same supposition as in the last 
case, will be nearly the same as before, 19", giving about the 
same angle of flare. (See Fig. 59.) 
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0«d 


1 






• 
Rbmarks— August 14, 15, and 16, 1866. 


No. 


lbs. 


lbs. 


lbs. 




8 


42 


10 


42 


Arrangements same as for the last, except A and B (Fig. 60) 
were 9" and 10" respectively from the muzzle, and B was 4^' 
long. A was thrown just in front of the frame, B was loosened 
but left standing. Figs. 61 and 62 show the spaces on A and 
B that were blackened. The radius of cone resulting from the 
dimensions 2', Fig. 61, is 1' 5 J". That resulting from the 
dimensions 2' 4^", Fig. 62, is 1' 7f ''. The corresponding angles 
of flare are 69° 26' and 66° 51'. (Figs. 63 and 64.) 


9 


42 


10 


42 


No strips nailed to the frame. The gun was elevated so that the 
prolongation of the top of the bore passed 12" below the cap 
sill of the frame. The firing produced no effect. 


10 


42 


10 


42 


Arrangements same as the last, except the prolongation of the 
top of the bore passed 11" below the cap sill. The frame 
sprung back a little and was jarred very much. No other 
effect. 


11 


42 


10 


42 


Arrangements same as the last, except the prolongation of the 
top of the bore passed 10" below the cap sill. The frame 
sprung back, was jarred very much, was tilted up at g. Fig. 54, 
and was thrown clear of the brace at b. No other effect. 



Farther ex- 
periments. 



Blast of 24 
pdr. 



Materials 
used in ex- 
periments. 



SECTION II. 

Table No. 18, with preceding remarks. 

172. Some further experiments of the same nature 
were next tried by the same officers — ^receiving the 
blast of a 24 pdr. gun on one of the wrought-iron 
throat plates, that had been used as a throat plate in 
an embrasure of the masonry targets just demolished. 

173. In order to this, a chestnut log, having the 
dimensions given in Figs. 65 and 66 of Plate IX., 
was hollowed out to receive the two sets of iron 
plates — each set composed of eight half inch sheets — 
which were secured in their position by wedges. The 
log was then set upright in front of the gun, so that 
the edges of the plates should be at the distances 
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given in Figs. 65 and 66 from the muzzle and axis. 
The lower end of the log was buried a foot and a half 
in the parapet of the battery at the dock, and earth 
well rammed around it ; and it was braced at top and 
near the ground. 

These two plates, considerably distorted by previous 
firings, were the only ones not entirely ruined. 



Table No. 18. 
Effects of the Blast of a 24 Pdr. upon Wrotjght-Iron Throat Plates. 



Ghin 24 pdr., length 10' 4", weight 6,790 lbs. 



o 


1 


1 


I. 


Bkxabks. 


No. 


lbs. 


lbs. 


lbs. 




12 


24 


6 


24 


Tore off the bark on the oatside of the log. Loosened a piece of 
wood which was between the two sets of plates. Separated the 
1st outer sheet from the 2d sheet, J" from the top, three-quarters 
of the way downwards. Also in the same way, the 5th from 
the 6th, one-sixteenth of an inch. 


13 


24 


6 


24 


Split the log half through along the dotted line z «, Fig. 66 ; 
separated the 2d and 3d, and 7th and 8th, one-sixteenth of an 
inch from the top, half way down ; separated the two sets of 
plates, so that there was a space between them of 1}'' at top, 
1" in the middle, and 1 J inch at the bottom. They were pre- 
viously separated by a board about J an inch thick. 


14 


24 


6 


24 


Split the log almost entirely across, the split being 1^' wide in 
front. Separated a little more from each other, the sheets 
before opened. Separated the 'two sets of plates, so that the 
interval between them was 2J" at top, IJ" in. the middle, and 
If at the bottom. 


15 


24 


6 


24 


Split off outer piece of the log entirely, but did not blow it away ; 
displaced the braces c and d, Fig. 65. Separated outer sheet 
from the rest, and threw it 30 feet to the front in the water. 
Separated the 2d sheet firom the 3d, so that the interval was 
one-fourth of an inch at top, and one-sixteenth at bottom. 
Separated the first four sheets of the second set, so that each 
two were ^' apart in the middle. Separated the two sets of 
plates so that they were 3^" apart at top, 2J" in the middle, 
and 2^" at the bottom. The head of the rivet at a. Fig. 65, 
and 2 inches of the outer end of the rivet at 6, were broken off. 
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No. 



lbs. 



I 

lbs. 



n 



lbs. 



Bemakks. 



The Fig. A A shows the position of the muzzle of the 8-inch 
Colnmbiad, traversed 3(P from the directrix with reference to 
the throat plates, as thejr were in the embrasure target. 

Fig. AA. 
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CHAPTER V. 

GENERAL REMARKS AND CONCLUSIONS. 

SECTION I. 

Conclusions as to effects of various missiles upon 
different materials of embrasures. 

174. It would be improper to deduce strict con- ^om^p^^Jdi 
elusions from ttese firings, as to the respective resist- Bpfctivfrl?' 
ances to heavy balls, afforded by granite, brickwork, heavy^baiis, 
and cement concrete, since a few months only had ^^^i ^"^^"^ 
been allowed for the mortar, on which the strength 

of the last two depends, to harden. Walls of well 
jointed, large stones, would receive but little addi- 
tional strength against a force of this nature, by the 
induration of its thin joints of mortar ; while much 
of the strength of brickwork, and all the strength of 
cement concrete, would depend thereon. The short 
periods of 15 months, and 13 months, could not be 
expected to bring these materials into comparison 
with granite in this respect. As anticipated, there- 
fore, their resistances were decidedly less ; and of the 
two, for the same reason, if for no other, the cement 
concrete proved to be weaker than the brickwork. 

175. There were, however, some peculiar compara- g^^^^^^ 
tive effects worth mentioning. For instance the force worthmS*' 
of the heavy balls seems, in the softer materials, to "''*'^''** 

be felt only at, or very near, the place of impact; and, 
so to speak, is absorbed there — the ball, unbroken 
crushing its way further and further into the mass. 



*j 
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On the granite, however, these balls were themselves 
broken, with but slight actual penetration into the 
stone, throwing off cracks certainly, but with little 
local crushing — the remainder of the force being dis- 
posed of in jarring and vibrating the wall, to an 
extent that started from their beds quite distant 
stones, 
the^wiir ""^ ^^^' ^^om this vibration of the wall, so much more 
energetic in the granite portion of the targets than 
elsewhere, rubble-stones of the inside facing — not 
always directly behind the point struck — were thrown 
out by the first motion of the wall, as pushed over by 
the ball ; and three or four stones were moved out of 
fffectef their beds, towards the gun^ so as to project three or 
four inches from the plane of the wall, being left 
behind by this first motion, or projected forward by 
the returning motion of the wall — stones, moreover, 
that were well jointed, well bedded in mortar, and of 
the dimensions of about 3' by 1' 6" by 1' 6" — while 
there was also considerable disturbance of all the 
other stones quite out to the right (the nearest) end, 
and up to the top of the target. This motiop of the 
granite stones was very slight downward, where the 
target was supported by the earth, on which it rocked ; 
or to the left, where the stones were bonded into a 
considerable length of brickwork and concrete. The 
of^tUreSn^ energy of these vibratory movements was very great, 
morement. ^^ ^^ effects dcmoustratcd ; and though the space 
?h?ougr^^ moved through was no doubt small, it might have 
""*"' been measured, had anything so marked been fore- 
seen and provided for. 
tSuoa'Tntt 177. The heaviest of the balls fired (weighing 128 
5eavi*i? lbs.) penetrated, as above stated, a little way only into 
the granite blocks; but even the smallest of the 
blurmak-** cannon balls, namely, 24 pdrs., caused, as well as the 
ing cracks. ^^^^^^ Que^^ at thc first blow, cracks that extended in 
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several directions entirely through the stones hit. It 
was so with the larger blocks, as well as with the 
smaller ones — the succeeding balls finding these 
stones in a condition to be easily reduced to small 
fragments and dust. It may be expected, from effects 
of this nature observed, that under the impact of 
heavy balls, with high velocities, these cracks, though 
perhaps scarcely perceptible at first, will extend as ^xte^nt^i? 
far as the crystalline continuity is unbroken — that is il?gecr?g. 

. . .Till talline 

to say, to a joint, or quite through the largest stones stones. 
that happen to be hit; and hence there will not pro- 
bably be the additional resistance afforded against 
such battering, by the use of very large stones, as 
their appearance would seem to promise ; or as would 
justify much additional expense in providing inordi- 
nate sizes. 

178. There is no doubt, however, that concretion- «^„^^7^®" 
ary stones, as "sand stones," would exhibit, under brittle. ^*" 
such trial, less brittleness than those of crystalline 
structure. Very large dimensions are more advan- 
tageous, in some other respects, perhaps, than in 

this. 

179. The balls, Whether large or small, that struck flalct^^*'' 
the granite under an angle that defiected them, un- bwke^^iSt"®' 
less the angle was very acute, were broken into many ^''''^^^^• 
pieces, all of which passed on. If not deflected, they JeJt^f^, 
were crushed up into a mass of slightly cohering 
fragments and fine particles. In several instances, 
grape, or canister shot, striking the oblique cheek 
of a granite embrasure, were broken into numerous 
fragments, all of which were deflected in, through the 
throat of the embrasure — several having force enough 
to pass through the boards of the screen — very many 
smaller pieces and spiculse burying themselves more 
or less in the wood, with a force that would cause 
serious wounds in human flesh. 
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brickwork 180. It was seldom or never that a large ball was 

concretion* brokeii, OH Striking either brickwork or cement con- 

and grape, creto. In onc instance, a grape shot, on hitting the 

oblique cheek of a brick embrasure, was broken into 

twa pieces, that were reflected through the screen. 

In all others, when thus thrown off from bricks or 

cement concrete, they passed on through the throat, 

and through the screen — making only one hole each 

in the latter. 

fidlS^Int 181. The injury done to these oblique cheeks, by 

SJteriais" these smaller balls, was of no consequence, with either 

cheekaof of thc materials above mentioned. In reference to 

embrasures. 

this particular point, therefore, namely, protection 

from small missiles — brickwork and cement concrete 

are better materials, very decidedly, for the faces of 

an embrasure of the established form, that is, with 

flaring exterior cheeks, than granite, or any other 

very hard substance. 

Effects of 182. From all the exterior embrasure-facings, ex- 
grape and O ' 

sSkingnear ccpt that made of lead concrete, when grape or 
^e'l^n^!" canister shots struck near the margin of the opening, 
considerable, and sometimes numerous, fragments 
were torn from the facings, and thrown into the 
embrasure; and, when the cheeks were flaring, 
through the throat and against the screen. Though 
the granite was in this respect the best material of 
the three, effects of this kind were, nevertheless, quite 
serious from it also. In one instance, pieces were 
torn off by a grape shot from the lower edge of the 
lintel, for a length of two feet, and with a cross sec- 
tion of some six or eight square inches — the pieces 
being thrown through the throat. All the embra- 
sures were considerably changed in their outline, by 
vTot^tSg''^ injuries thus inflicted ; and there was no point more 
todS^'*'^^ clearly established by the firings, than the necessity 
of protecting from small missiles, the external mar- 
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gins of all masonry embrasures, by plates of wrought 
iron or some other device. This will be necessary 
with any form of embrasure; but more especially, 
when the outer cheeks are so inclined as to reflect 
all fragments through the throat. 

183. Plates of half inch boiler iron were found to bofieriron 
protect perfectly the offsets in the cheeks of the brick- Iss^^^ 
work, and cement concrete, embrasures; and may 
therefore be relied on to defend the external margins 
from these injuries. 

184. The asphaltic concrete was brittle, under the ^o^CTttenn- 
action of even the smaller balls, to an unexpected tStS*^^^ 
degree; although the season of trial was summer. 
And in other respects, it did riot compare with either 
of the other materials. It could hardly have been 
relied on to retain its form, had it been made softer, 
by a larger proportion of bitumen. It may, never- 
theless, be useful in special applications about em- 
brasures and loopholes. 

185. Next to wrought iron, lead concrete proved ^JJi^t 
to be much the best of the materials under trial. The Sretethe 
first use made of it, in constructions, so far as I know, ^ai trfSa* 
was by Major K. Delafield, of the Corps of Engineers, ll,^^^^, 
U. S. Army, in forming the exterior cheeks of case- 
mate embrasures. Although less resisting, and more 
costly, than wrought iron, it is an admirable material ^e mSlriai 
for certain parts of embrasures ; because, while it is partT'*^ 
very resisting, and wiU not crack, nor splinter, it can, 
with the utmost facility, be applied to the filling 
solidly, of irregular spaces, and to the reinforcing 
of weak places, not easily strengthened otherwise. 
Heavy balls, under high velocities, penetrate into it, hSvySlut. 

' a little more than their diameter, moulding for them- 
^ selves a symmetrical bed, in which they are found 

^ crushed. They send no cracks through the mass; 

si 
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they detach no fragments — none at least that are not 
very small, and harmless; they form a tulip-shaped 
crater, the outer edges rising above the general front 
surface, and curving gracefully away. The adjoining 
masonry is somewhat jarred, but in this respect the 
injury is as small as it can be in any combination. 
clnSiel^""^ Grape shot (of the weight of 4 J lbs.) produce, on a 
small scale, effects just like those of cannon balls — so 
do canister shot. Neither grape nor canister shots 
were broken thereon. No balls, as it chanced, were 
deflected from it. 

JSuriSL ^^^- Some important conclusions may be drawn 
wrought from the results with wrought iron. 
pTrst; as to Fivst. It may be fairly assumed, that a plate, eight 
plates. inches thick, of wrought iron of good quality, kept in 
place by a backing of three feet of strong masonry, 
will stop a solid ball from an 8-inch Columbiad fired 
with lOi lbs. of powder, from the distance of 200 
yards. The plate of iron will be deeply indented at 
the point of impact, the ball carving for itself a smooth 
bed, of the shape and size nearly of one hemisphere, 
in which it will be found broken into many pieces 
easily separable; and it will, besides, be somewhat 
bent, generally. The masonry behind will be much 
jarred ; and unless strongly bonded, be considerably 
displaced; moreover, unless the thickness of three 
' feet is well tied into thicker masses immediately ad- 
jacent on the sides, and above, and below, the general 
damage will be severe. 
du?ion?T Second. This plate will be much the stronger for 
belter Sin beiug iTi a single mass, and not made up of several 
pj»^«of Mime thinner plates. The continuity, effected by bolts and 
rivets, of the made-up plates, is broken even by weak 
assaults, so that afterward, the stronger, instead of a 
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joint opposition, finds only a succession of feeble 
resistances. 

Third, A thickness of two inches is ample for shut- ciurionr" 
ters designed to stop the largest grape shot. With P'imllj^ 
this thickness, they will be neither perforated nor 
deformed by anything less than cannon balls or shells. 
These shutters also, for the reasons just given, should 
be made of a single thickness. The firings show the 
necessity of concealing entirely, even from the smallest 
iron missile, their hinges and fastenings. 

Fourth. A wrought-iron plate of half an inch in cuSi^f "?'' 
thickness, is adequate to protect the outer margins, qllite ^ W 
and the offsets of embrasures from injury by grape or and onsets!" 
canister shot. 

187. The brittleness of cast iron unfits it for use cwt iron too 

brittle to xe- 

as a means of directly resisting the shock of cannon Shocks?''* 
balls; this has long been well known. It was con- 
sidered, however, worth while to try whether its 
cohesive strength might not be profited of, by dif- 
fusing the shock of a ball over a considerable surface 
of this material, through the intermedium of a thick 
plate of wrought iron. The compound plate of 
wrought iron interposed in the trials, was made up 
of eight half-inch plates, solidly riveted together, and 
a very even and imiform bearing of this 4-inch com- 
pound plate upon the cast iron, was secured — as per- 
fect, certainly, as could be effected in general practice ; jJ^JSj^^^j^ 
nevertheless, the cast-iron block was always broken, J^^^^j' 
splintered, or badly cracked, by a ball striking the i^r*^' 
wrought-iron plate in front of it. 

This material may, of course, enter usefully into ^«^^^//^^^ 
the construction of casemate embrasures, as dowels, 
ties, pintle-sockets, &c., but should not be relied on 
to resist the direct action of balls or shells. 
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SECTION 11. 

The size and form of exterior openings for embrasures. 
SSnilg' 188. The great importance of keeping the area of 

should bea.i i»j •i? a. "l i. 

miaimum. thc outside opcnings of casemate embrasures at a 
minimumj will clearly appear from our experiments. 

First reason. Fifst^ the uumbcr of the enemy's missiles passing 
through the opening will, of course, increase with the 

^^^ '*** enlargement of that area ; and secondly^ whatever may 
be the peculiar form of any embrasure, there must be 
a margin, larger as the opening is larger, where the 
walls, being materially weaker than elsewhere, will 
suffer the more from battering guns. 

Ing'^^'/^'m 189. Although the first proposition seems not to 

bat'Sght*^ need enunciation, and the second to be scarcely less 

appreciation t /• . t i i •■ . i 

of Import- self-evident, there appears to have been, with some 

ance of min- ^ . r r 7 

tSrioTope^ foreign engineers, of the present day even, a very 

*''*^" slight appreciation of the first, especially. They have 

taken some heed of the second, by giving thickness 
to the wall around, and by making the cheeks, sill, 
and lintel, of large blocks of stone ; but, by inordi- 
nately spreading the exterior opening, they have 
shown that they looked upon the first as of little 

poinT.^^^*'' moment. For instance, in a large casemated battery 
erected in Europe within the last fifteen years, for 
the defence of one of the great ports, casemate em- 
brasures have been introduced having an exterior 
opening of 54 square feet, and allowing the gun a 
horizontal traverse of only 40 degrees; while the 

Embrasures cmbrasurcs of our second target, which allow all the 

of oar second ^ ' 

target. elcvatiou and depression necessary, and a lateral 
range of 60 degrees, have an exterior opening of 
only 83^^ square feet. 

quSJwTSf"" 1^^- -1^ ^^ ^^^y *^ demonstrate the very grave con- 
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sequences involved in an unnecessary enlargement of it^^^el 
tliis exterior opening. ^^' 

Suppose a hundred-gun ship to be placed within eXariJi 
good canister range of a casemated battery of about loo^n'^fhtp, 
tlie ship's length and height ; to the 50 guns of the ter a|afnsra 
sliip's broadside, there would be opposed about 24 ^aVes^wur 
guns in two tiers, in the battery. The ship would Xih^e of 
fire each gun once in three minutes, or, 10 times in get[orifke 
laalf an hour; the 50 guns would therefore make 500 p**''- 
discharges within that time. 

"With 156* balls in each 32 pdr. canister (weighing 
in all 31 J lbs.), there would be thrown 78,000 balls 
in 30 minutes. Supposing one-half to miss the fort — 
which, considering the size of the object and the short 
distance, is a very large allowance — there would still 
remain the number of 39,000 balls to strike a surface 
of (say) 6000 square feet — that is, on each square 

foot =6} balls. 

Or, within the exterior opening of one of 
the embrasures of our 2d target — of which 
the area is 8.9 square feet, there would fall — 58 balls. 
All not intercepted by the gun itself, passing 
into the casemate among the men serving 
the guns. 

Within the European embrasure above 
mentioned, having 54 square feet of opening, 
there would be received in half an hour 351 balls. 
191. Should this idea be carried still further, as it suppose 

' ship's canis- 

ought, and the ship's canisters be filled with musket wuh^musket 
bails— each 32 pdr. canister holding 639 balls — the ^*^^' 
number of balls to the square foot of surface of the 
battery would be 26 

* In the experiments at Gavre, im France, in 1837, with grape and canister shot, 
the canon-obusier 30 pdr., and the long 30 pdr. (French), both fired canisters contain- 
ing each 120 iron balls of 1.05 inch in diameter. 
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The number received in half an hour within 
the exterior opening of the smaller embrasure 
would be, therefore 231 

And within the larger embrasure in the same 

time 1404 

^Mp^synns 192. Nor, would it be fully measuring the effect of 
cliibl-f this exposure, to state that if the ship's guns were of 
the calibre of 8 inches — and there are even now many 
of larger calibre, and the tendency is to increase the 
calibre of both ship and shore-guns — supplied with 
canister holding 294 iron balls of 1.05 inch, or 1243 
musket balls, the number of the former discharged in 
half an hour against each square foot would not be 

less than 12 

Loy'dfam. Upon the exterior area of the smaller embra- 
sure, not less than 106 

And upon the large embrasure not less than 648 

And the number of musket balls discharged 
in half an hour against each square foot from an 
8^inch gun, would be not less than . . 51 

^mb.^ Upon the opening of the smaller embrasure 

not less than 453 

And of the larger, not less than . . . 2754 

rim^nts^'^*'" 193. In our experiments, the musket balls fired in 
™M8ed* *"* canisters, from a distance of 200 yards, passed clean 
screens. through thc screcus made of pine boards one inch 

thick, whether they hit directly, or by reflection. 
?a*ed?nto ^94. lu uo iustauco did we notice any fusion of 
clusters. h^q^q holh luto clusters — the marks made by them 

on the target, and on the screen, being clearly the 

effects of single bullets. 
Sfafsre?' 195. The effects of the small iron canister balls — 

?.oy*diam. diameter 1.05 inch, were considerable; when broken 

upon the cheeks of granite embrasures, the larger 

fragments passed through the screen ; when the balls 
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struck brickwork or cement concrete, they produced 
craters about 3 inches in diameter by about 1 J inch 
deep ; when they struck near the edges of the em- 
brasures, they broke off considerable pieces, even 
from the granite — they have, therefore, as well as the 
musket balls, all the force necessary for the particular 
object in such an attack — namely, killing and wound- 
ing the men serving the guns of the fort, and thereby 
silencing its fire. 

196. This is the place to recall the fact that by^^^^«^'*^« 
way of showing one of the consequences of an un- Jx^SS^ing 
necessary expansion of the outer openmff of an em- niy the 

, i o outer open- 

brasure, a line was drawn on the target around two {5f^d*^y^fl^r-" 
sides of the margin of Embrasure No. 7, so as to ^""^^ 
represent, very nearly, with the other two sides, the 
exterior opening of an embrasure of the first-built of 




our casemated batteries (finished in 1810). The ex- 
terior opening of Embrasure No. 7, was 3' 4" by 2' 
8", equal to 8j^ square feet; of the embrasure repre- 
sented, in the way just stated, it was 5 feet by 4 feet — 
equal to 20 square feet. 

The space between these two openings, that is, the 
excess of the larger over the smaller, amounting to 
11.1 square feet, was struck by 108 balls in the course 
of our firing with spherical case, canister, and grape 
shot — this embrasure not having been more than any 
other the particular aim of this kind of firing. 

The whole number of small balls fired at the two 
targets during all our firings — counting spherical 
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case filled with musket balls, canister shot of all 
sizes — including those filled with musket balls, and 
grape shot, was 32,555 ; that is to say, a number a 
little less than would be fired in 51 discharges of 
musket ball canister from 32 pounders: in other 
words, from a single " broadside" (plus one gun) from 
the ship : 639 by 51 = 32,589. 

All these 108 balls excluded by Embrasure No. 7, 
would of course have entered, had its opening con- 
formed to the larger outline; but even this larger 
outline scarcely exceeded one third of the exposure 
of the European embrasure, above mentioned; into 
which there would have passed, in the same time, 
according to the proportion, the number of 438 balls, 
over and above what passed into No. 7. 

197. The trials, in firing from the target, proved 
that, if the embrasure were well built, the ball, in 
passing out from the gun, whether traversed, or ele- 
vated, or depressed to the extreme degree, might pass 

limiting ex- ^ithiu about an inch of the outer edge of the embra- 

terioropen- gurOj, wlthout injury by the blast of the gun to the 
material of the exterior margin. This may, there- 
fore, be, with firm materials, a condition limiting the 

Mimmnm extcrior opening. The minimum in the size of the 
throat is fixed by the space occupied by the muzzle 
of the gun, in its various positions; and as the area of 
the exterior opening will be the larger, as it is further 
from the throat, the latter should be placed as far to 
the front as the service of the gun and carriage will 

Jheek?!7ho allow. The surfaces connecting the two areas, and 
which form the outer cheeks, sill, and lintel have 
generally been flaring planes; to which one great 

fo'twi forS! objection is that they reflect inward all missiles which 
inpinge thereon in lines, parallel or nearly so, to the 
directrix; So that virtually, as regards their admission 
into the casemate, the throat has had with that form 
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of embrasure, thq full capacity of the exterior open- 
ing. This is very strikingly shown by the great 
number of balls thus reflected in our firings. 

198. If the outer portion of the embrasure be fo^imSrouter 
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straight line, a c, it is evident that balls that would 
otherwise be reflected from the surface, a c, will be 
stopped on a b. 

199. But the strength of the embrasure will be 
lessened by the removal of the material lying within 
the space, of which a 6 c is the horizontal section. 
This is, in fact, of little moment, because the strength 
lost by adopting the bent line ab c may be much 
more than supplied, by placing along ab b. material 
more resisting than the masonry of which the flaring 
cheeks and throat-jambs have heretofore been made ; 
and this we shall see is required by other considera- 
tions. 

200. It is plain that if the thickness fg, of the 
wall, is needed to resist the battering of heavy balls, 
no ball striking anywhere between the two lines, 
fff — /^, will be adequately resisted with the old form 
c af—c af^ of masonry embrasures. But by inserting 
a stronger material on each side of the throat, this 
deficiency of strength may be supplied, without fill- 
ing up the space a 6 c, as it will need but a slight 
augmentation of the thickness of this stronger mate- 
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rial, to secure full compensation for the material thus 
omitted. 
of^new^m 2^01. It is also evident that by building in enough 
of the stronger material on each side of the throat, 
and adopting this new form, ah c^ for the outer por- 
tion of the embrasure, there will be a general gain of 
strength, since up to the very edge of the throat 
plates there may be as much strength as there is be- 
yond the lines fg—fg* At the same time, by sub- 
stituting for the reflecting surface a c the plane a 6, 
all missiles, whether large or small, that do not pass 
th^ throat without touching, will be stopped, either 
upon the outside of the wall or upon the throat plate. 
iTon thebeet ^02. Our experiments show that wrought iron is 
material, ^j^^ ^^^^ material for insertion as above mentioned ; 
and that a thickness of 8 inches of wrought iron, 
solidly backed with masonry, will resist an 8 inch solid 
ball fired with lOi lbs. of powder from a distance of 
200 yards. It is necessary, as is also shown by the 
SSJdd be firings, that the plates of iron should have consider- 
able breadth to prevent heavy balls from forcing 
themselves in between the inner edge and the ma- 
sonry, thereby crowding the plate edgewise into the 
throat. 
mw'^nrT ""' ^^^' With a view to gaining strength, by burying 
fdVtwn^ more deeply the iron throat plates in the masonry of 
je'itioJS^ie.' the embrasure, rectangular shoulders of masonry were 
made to project from the solid of the cheek, into the 
space a 6 c, as seen by the dotted lines in the above 
figure. They stopped balls nearly as weU as the un- 
broken surface, a h ; and they augmented somewhat 
the resistance of the cheeks. Being enclosed in a 
facing of boiler iron they were not injured by small 
balls — but they increased the number of fragments 
cast into the casemate by heavier balls, and they do 
not prove to be an essential part of an improved em- 
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brasure. The additional strength imparted by them 
may be better secured in other ways. Embrasures 
Nos. 3, 7, 8, and 9, were thus constructed. 

204. It is well to report in this place, a summary J^^^*^^"^ 
of the exact eflfects under our trials, of the broken, or piwd!"'''"' 
offseted cheeks, as compared with the flaring ones : 

1st, in stopping balls, and 2d, in glancing them into 
the casemate through the throat. 

The number of balls from grape, canister, and 
spherical case shot, that were reflected from the 
cheeks of flaring embrasures (Nos. 1, 2, and 4), so that biMaws^""" 
they passed through the throat into the casemate, was 
40. The number of such shots stopped by these em- 
brasures was 2. The fraction \^ represents, there- 
fore, the proportion reflected, and -^^ the proportion 
arrested. 

In the embrasures with broken, or offseted cheeks, wuh™Se7-' 
the total number reflected through from the cheeks, ^ ''^*^^'* 
offsets, &c., was 19 — while the number stopped by 
them was 326 — so that in this case, the fraction -^-^ 
represents the proportion reflected, and ||f the pro- 
portion stopped. 

Or, these proportions may be represented thus : Tthfrwiae"' 

stated. 

Embrasure with flaring cheeks, 5 per ct. stopped. 

95 per ct. reflected. 
Embrasure with offseted cheeks, 94 per ct. stopped. 

6 per ct. reflected. 

As it was important to settle beyond question the 
effect, in arresting small missiles, of the offseted 
cheeks substituted for flaring ones, the firing of small 
balls was chiefly directed at the former, and hence 
the greater number of these balls that were received 
on the cheeks of that form. 

205. It results from the facts and statements ad- of*Xi£~ 
duced thus far, that if, instead of giving to embrasures 
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flaring cheeks, the exterior cheeks be notched in, so 
to speak, at right angles or nearly so, to the plane of 
the throat ; or, to repeat words often before used, be 
offseted, only those missiles that arrive directly within 
the area of the throat, will enter at all, excepting, in- 
deed, a very small proportion that may be glanced in 
from the very edges of the outer opening. 

206. In estimating the number that will pass di- 
rectly through this throat-opening, from the 100 gun 
ship, in half an hour — we must take the clear area of 
this throat of the target embrasures — ^which was 1 ft. 
6 in. wide, by 2 ft. 7 in. high, giving 3^^ square feet. 

The comparative numbers would be, therefore, as 
follows : 

Gun 32 pdr., firing iron balls of 1.05 inch in dia- 
meter — 

Through the throat of target embrasure 25 balls. 
Within exterior opening of target em- 
brasure 58 " 

Within exterior opening of European 

embrasure 351 " 

8 inch gun, firing iron balls of 1.05 inch in dia- 
meter — 

Through the throat of target embrasure 46 balls. 

Within exterior opening of target em- 
brasure 106 " 

Within exterior opening of European 

embrasure 648 " 

Gun 32 pdr., firing canisters filled with musket 
balls — 

Through the throat of target embrasure 101 balls. 

Within exterior opening of target em- 
brasure • 231 " 

Within exterior opening of European 

embrasure 1,404 " 
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8 inch gun, firing canisters filled with musket 
balls — 

Through the throat of target embrasure 198 balls. 

Within exterior opening of target em- 
brasure . . . \ . . . 553 " 

Within exterior opening of European 

embrasure 2,754 " 



SECTION III. 
Embrasure^shutters. 

207. We see, from the comparison just made, that, f^VSew*^ 
notwithstanding the very great advantage derived, embriiures, 
first, from reducing the size of the exterior opening, arlmnch^" 
and next, from changing the form of the portion of 

the embrasure exterior to the throat — the exposure 
of the men serving, even with the target embrasure, 
a casemate gun will still be great. They will be ex- 
posed during every half hour of action to 25— to 46 — 
to 101, or to 198 balls, according to the various sup- 
positions we have made, as to kind of gun and mis- 
sile. From 1 to 6 balls entering the embrasure every 
minute, directly upon the place where the gunners 
are clustered, must make the service a very danger- 
ous one — if indeed it could be continued with any 
effect in such peril. 

208. These, and such like considerations, led to ^^i^^f®" 
the trial in the target of embrasure-shutters; and the listen* 
experiments with these have shown that a thickness 

of 2 inches of wrought iron will certainly repel all 
such balls, as grape and canister. 

209. A grape shot of 4} lbs. fired from an 8 inch i*ii"Jif '®" 
Columbiad at the distance of 200 yards, produced ^^^' 
no deforming, or otherwise injurious effect upon a 
wrought-iron shutter of 1} inch in thickness, com- 
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posed of three i inch sheets. By simple arrange- 
ments, the centres of motion and the fastening bolts, 
can be screened from these small balls. 
be closed!"* 210. The shutter will be closed from the moment 
feTkfstenfs of firing until the gun is loaded — is again in battery, 
and ready to be again discharged ; so that it will be 
for instants of time, only, that the gunners will be at 
all in danger from the enemy's small shots. 
leousTo?-" 211. It cannot yet be asserted positively, that the 
shuttew ^ shutters will close spontaneously at each discharge of 
made sure, the guu, becausc trial has not been made with shut- 
ters improved by the results of our latest experi- 
ments. But the tendency to close was so manifest, 
and so invariably exhibited, as to leave no doubt that 
a simpler mounting, and more accurate centering, 
would insure it. 
verySil- ^12. Thls rcsult is very desirable on account, not 
^^^ only of the quickness of this spontaneous action, as 

respects cover for the gunners, but because of the 
consequent exclusion of smoke. The same reaction 
of the air will drive back the shutter, that forces back 
into the casemate, sometimes a large part of the 
smoke of the discharge. 
npon'the 213. lu our firlugs from the embrasures, the shut- 

bMkofsiiut. ^^^g were, each time before the discharge, opened out 
by hand, and placed snugly against the cheeks ; this 
might answer were they perfectly hung ; but it is to 
be regretted that it did not occur to any one to leave 
them a short distance from the cheeks, in order that 
the outward blast of the gun, driving them forcibly 
against the cheeks, might cause a stronger reaction. 
A stiff spring upon the back of the shutter, keeping 
it, until forced, at a short distance from the cheek, 
will insure, it is believed, the requisite recoil; but 
with good centering this will hardly be necessary. 
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SECTION IV. 
Throat of Embrasure. 

214. It was obviously a matter to be inquired into, fhwi?b« 
whether or not, the throat itself could be reduced in ducediT 
width with safety. 

To this end, some instructive trials were made (as 
before said) at my request, under the direction of 
>(^ Major J. G. BiAnar d, of the Corps of Engineers, /^A^rLn^:Y^ 
then superintendent of the Military Academy. 

215. It was desired to learn something as to what waTt,"*^ 
may be called the cone of blast — which might have, 
perhaps, very near the mouth of the gun at any rate, 
limits pretty well defined, up to which we might 
safely bring the edge of our throat plates. 

216. These experiments are given in the preceding ^X'we' 
pages in full detail ; and offer an interesting study. 

217; The principal results for our object are, that ^®*''"'* 
this cone diverges quickly from the mouth of the gun ; 
that the action within its limits is very violent ; that 
only very solid and firmly imbedded substances can 
be placed within the limits, or on their verge, near 
the mouth of the gun, since even the iron plates of a 
compound throat plate were there torn asunder by 
the blast — ^but that, undoubtedly, while a solid 8-inch 
plate firmly imbedded in masonry may be relied on at 
the same distance from the muzzle, and from the pro- 
longed cylinder of the bore, that was found to test so 
severely the compound plates submitted to the trial — 
any less solid and firm material must be further re- 
moved. Of course, the nearer the edge of the throat 
plate is to the face of the muzzle, the nearer it may 
be to the prolonged cylinder. 
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SECTION V. 
Thickness of Scarp. 

flx?ng"ti3ck. 218. The internal arrangement of the casemate, 

Searem'bra- with refcrencc to the handling of the gun, and espe- 
cially the traversing it for horizontal scope ; the place 
chosen for the axis of this horizontal motion ; and the 
form and dimensions of the gun and carriage, in- 
cluding chassis, impose conditions aflfecting the thick- 
ness of the wall at, and immediately around, the em- 
brasure ; and affecting also the form of the latter. 

5' assumed. 219. A thickucss thcrc of five feet has been assumed 
in our constructions, and satisfies all these conditions 

is^thatsuffi. ^gH jg^t n j^ag \yQQii a question of interest, increas- 
ing with the growing calibres of naval armaments, 

SS^tl!" whether this thickness is now sufficient. And it was 
in consequence thereof that some very severe firing 
was directed against our 2d target. The gun was a 
10-inch Columbiad, placed within 114 yards, firing 
solid balls, weighing 128 lbs., with a charge of 18 lbs. 
of powder. 

coS*\on. 220. The general conclusion from these trials is, 
that, whether of cement concrete, of bricks, or of hard 
stones, the portion of the wall at, and around, each 
embrasure, having the thickness of five feet only, 
should be no larger than is indispensable for the 
adaptation of the gun and carriage to the embrasure ; 
if restricted to a small area, this thickness will suffice 
— ^not otherwise. 

Under what 221. Tho thickucss of five feet will resist a number 

clrcum- 

huffier^' of these balls, impinging in succession, on that space, 
provided the bond expand promptly, above, below, 
and on each side, into a thickness greater by some 
2J ft., or 3 ft., or more. Were the wall no thicker, 
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generally, than five feet, being reinforced only by 
piers some 15 feet apart, it would soon be seriously 
damaged, by battering at short distances with such* 
calibres. 

222. Wrought-iron throat plates of eight inches 
thickness, placed in the embrasure, and backed by S" 
three feet of solid masonry, will be equivalent, at 
least, to the five feet of masonry on either side ; and, 
but for the great cost, this construction might be 
extended as far above, below, and on either hand, as 
necessary for the full and free use of the gun. The 
great additional expense would not, however, be com- 
pensated by any advantage of moment. In that case, 

the throat opening would be also the exterior opening 
of the embrasure, because the throat would lie in the 
outer surface of the wall. This opening being in 
area but 3.90 ft., would be a very great reduction in 
size, certainly, from that of the European embrasure 
(of 54 square feet) so often mentioned ; and it would 
be less by five square feet, than the outside opening 
of the 2d target embrasures ; but it would be no bet- 
ter than these last, in reference to the exclusion of 
an enemy's missiles, since, as we have seen, the off- 
seted embrasure restricts the passage way to the area 
of the throat. 

223. Were it not for the vastly greater cost, the ^f^^lX 
whole scarp might be faced with iron — indeed might might*b? 
be made of iron only ; but, until there shall be much I'o^- 
stronger reasons than now exist, or are now antici- 
pated, for believing that well constructed masonry- J^^JJ^f ^* 
batteries may be breached by naval broadsides, the '^®'®^^'- 
cheaper construction may be safely followed — espe- 
cially as, should such a necessity ever arise, they may 

be externally plated with iron. 

224. To repeat : the scarp at the embrasure may J^^o^JStckT 
be safely made of the thickness of five feet, provided ^^*'^^*- 
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An interest- 
ing detail. 



cess for 
tongTie of 
carriage. 



the thickness immediately above, below, and on the 
sides, be increased considerably. The space required 
to be of about this thickness, to accommodate advan- 
tageously the gun and carriage, is so small that it 
may be said to be part of the thicker surrounding 
mass, by which it really is supported in its resistance. 
225. A detail of interest presented itself, in the 
course of the firing, in relation to the thickness of 
the scarp near the embrasure. It was this : a 24 pdr. 
fr^iifof^rt''' ^^^' hitting the wall immediately in front of a recess 
made to receive the " tongue" of the chassis — which 
recess extended to within two feet of the outside of 
the wall — ^perforated this two feet, and, being less 
in diameter than the height of the "tongue hole," 
passed entirely through, without touching anywhere 
else. Had there been a carriage there, with its 
"pintle" in place, the latter would probably have 
been broken, and the carriage rendered for the time 
unserviceable. That "tongue hole" was seven inches 
high ; it need be only about half as high ; and there 
should be a thick plate of wrought iron buried in the 
wall, directly in front of the pintle, to stop such balls 
or larger ones. 



Iron plate 
should be 
inserted. 



SECTION VI. 



Effects of Firing from Casemates upon Ships. 

Experiments 226. Tho firiuffs from, aud at, our embrasure tar- 
show neces- , *^ , , 

tK5inn*8?ig g^*®5 haye given us, as we have seen, some instructive 

hS^^lt^ facts as to the necessity, in reference to the free use 

and efiicient service of casemated batteries, of certain 

precautionary measures. Do not these results teach 

Something US also somethiuff in the opposite direction — ^some- 

also taught O rr 

Sffensiv?' thing as to the offensive power of these batteries, not 
power. ^ hitherto perhaps fully considered — especially in re- 
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ference to the eflfects of small missiles upon ships'? 
For instance : On our hypothesis, the casemated bat- 
tery of about equal external surface with the 100-gun 
ship— -that is, of about 6000 square feet, would con- 
tain about 24 guns. Supposing these to be 32 pdrs,, bauSy of 24 
firing canisters containing 156 balls of 1".05 each ; fng^nisters 

' filled with 

and, as before, each gun firing 10 times in half an Si\^^*»^jJ^''*" 
hour — allowing half the balls to miss the ship — there aTw^a?^^ 
would be three balls received by each square foot, ■*'*^' 
and as the port-holes are stated to be three feet high 
by three and a half feet (equal 10'.5 square feet), there 
would pass into each port 31 balls, and into the 50 
ports 1550 balls, within the half hour. 

If the canisters were filled with musket balls, there musket" ^ 

, balls. 

would be 126 thrown into each port, and 6300 into 
the 50 ports. 

The guns being of 8-inch calibre, which is the lof^aiis. 
common calibre of our important batteries, the num- 
ber of 1".05 balls to each port, would be 52 ; and to 
the 50 ports, 2600. 

And, were the same guns to fire musket balls, in MuSet' 
their canisters, there would be thrown into each port, 
252 balls; and into the 50 ports, 12,600 balls in the 
half hour. 

227. The following table gives, in a compact form, S^i?. of 
a synopsis of the principal effects of the firing of small ter shot. 
canister shots into embrasures, of several sizes ; and 
also into the ports of ships, on our supposition of a 
100-gun ship, in opposition for half an hour, at close 
quarters, to a 24-gun battery : — 
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Table No. 19. 

Giving the number of small iron and leaden canister halls, discharged in half 
an hour through the embrasures of a casemated battery, of 24 guns, and 
through the port-holes of a ship in opposition, having 60 guns in each 
broadside; the total surf ace of fort and ship being each about 6,000 square 
feet. Specifying, ^M the case q/* 32 pounder and S-inch gun, the numbers 
entering each embrasure and each port-hole. 
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Table shows 
disadvan- 
tages of flar- 
ing cheeks, 
and advan- 
tages of 
shutters. 



Ships at 
short 
distances 
should fire 



228. On an examination of the preceding table, 
we are surprised at the great numbers of these small, 
but fatal missiles, to which the gunners of the battery 
would be exposed, even with our comparatively very 
small target-embrasure. We see plainly the necessity 
of reducing that number, by removing the flaring out- 
side cheeksi; and, also, the vast advantage that the 
shutters afford of nullifying, nearly, the effects of this 
kind of fire. 

229. Indeed it is difiicult to understand how a 
casemated battery having large embrasures, can be 



* Supposing that for the instants the shutters are open, ^ of the number falling 
within the area of the throat may enter the casemate. 



GENERAL CX)NCLUSIONS. 161 



served at all, after a ship has gained a position, within mulk^"''' 
a short distance, and opened her fire of small canister 
balls. For the ship to fire grape, or large canister 
balls, would be to abuse her opportunity, since these 
larger balls would be no better in any such conflict, 
than the smaller ones, while they would be far less 
numerous. Musket balls, used as canister shot, would 
have all the force necessary ; and we see by the table, 
that there would be thrown of these, in half an hour, 
into the casemate, through 24 embrasures, of 54 
square feet of area each, by fifty 32 pdrs., no fewer 
than 33,696 — being 1,404 through each embra- 
sure. 

230. Were the battery to retort upon the ship S^^p ISvLt 
with the same missiles, the advantage would still be ba!te?J with 

large embra- 

greatly with the ship, because against the 1,404 balls «^w«- 
received by each embrasure, there would be thrown 
but 126 into each port; and into the 50 ports, 
there would be returned but 6,300 shots, against the 
above number of 33,696 poured into the 24 embra- 
sures. 

231. On the reduction of the exposed opening of w**J»J°^- 

A IT o proved em- 

the embrasure, however, the proportion becomes less thTiSJSn- 
and less unfavorable to the battery — turning, before i?*^th'^**' 
long, very decidedly in its favor. When the size is 
reduced to that of the 2d target embrasures, the ship 
will receive in her 50 ports 6,300, as before, against 
5,544 entering the 24 embrasures of the battery. 
When the offseted cheeks are introduced, the 6,300 
will stand against 2,424 ; and when the shutters also, 
the 6,300 are to be compared with 240 only. 

232. It may, therefore, become so much to the Batteries 

J ^ should use 

advantage of the battery, to resort to these missiles, Bui"a"alnst 
especially with 8-inch guns, that the ship will be sh^rt dis- 
obliged either to give up the idea of close quarters, 
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or provide herself with quickly-moving port-shut- 
ters. 
cow^JbSrated 233. lu corroboratiou of the preceding calculations, 
by^ouriir- gj^Q^jjjg ^j^g^^- ^jjgy ^j.q jjq^ exaggerations, it is here 

stated as one of the recorded results of our firings,^ 
that the total number of small missiles that passed 
through the throats of our nine target embrasures 
v^rithout touching — the area of the throat being 3'.9 — 
was 234. And, as before said, the whole of our firing 
at the target, with small balls, was equivalent to only 
a single broadside from the 50 guns of the ship. 



SECTION YII. 
Contests of Ships with each other. 

ship.****"* 234. Although it is not in the particular direction 
of our inquiries, we cannot help thinking, in this 
connection, that possibly our results and calculations 
may have some bearing, in certain cases, upon naval 
actions, ship against ship. 

235. "We are told in naval histories of ships of 
war, lying engaged '^ yard-arm and yard^rm^^ for 
ISJS^ioiL hours, and yet they report losses incredibly small, 
?nc1ir?id '*^* considering the time and the proximity ; the ships, 
moreover, are seldom sunk, or otherwise destroyed, 
except by taking fire; and, though badly crippled, 
no doubt, make long voyages with no other than im^ 
promptu repairs. 
S^'hucuri- ^^^' Without venturing to pry into this curious 
0U8 result, yesult, WO may say, that if the want of more decided 
effects is the consequence of the want of more accu- 
rate aim in the solid balls (fired with some admixture 
probably of grape shot), this reason would apply, in a 
much slighter degree, to canister shot at short ranges, 
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since it would suffice if the gun were merely pointed 
towards the enemy's hull, for part of the cone of balls 
to fall upon her sides, 

237. Is it not difficult to conceive how a ship's ^^'ew^'enr''''' 
crew could survive one hour's firing, when there mulkft^ 

balls, enter- 

would be poured into her 50 ports more than 25,000 }J«,i|'iP^';^y 
musket balls — into each port, more than 500 such 
balls \ \ 

238. Perhaps the suggestion may be pardoned, that MffthepV 
in these close conflicts, a charge of powder, very Sad mts'Sies 

in such con- 

much reduced in order not to endanger the gun, fleets. 
might be fired with a shell, and, in addition, a canister 
of musket balls. The latter would have all the force 
requisite to penetrate human flesh; and the shell 
would certainly have, at a distance so short, power to 
penetrate into the enemy's side far enough to cause 
great damage by explosion. 



SECTION VIIL 

History of Embrasure that has been introduced in the 
Coast Battenes of the United States. 

239. It seems appropriate to this narrative of our Jf/S?yS 
recent trials of casemate embrasures, to refer briefly SppropSte. 
to the history of the embrasure that has been intro- 
duced in the coast batteries of the United States. 

240. The first casemated battery was completed in ^l^^^ 
1808. It has two tiers of guns in casemates, and one tStS?!** 
in barbettel The exterior openings of the lower em- 
brasures are 4' 8" by 6 feet, giving an area of 28 
square feet ; and of the 2d tier, 3' 8" by 5 feet — area 

18 J square feet — the horizontal traverse of the guns 
being limited to 44 degrees. 

241. Within three or four years of the time just J^JStuii" 
mentioned, two other casemated batteries were built, 



to 
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1815. 



each having a single tier of guns in casemates, with 
exterior openings of 4' 5" by 5 feet, area 22 square 
feet ; and with horizontal scope, one of about 42 de- 
grees, and the other of about 45 degrees. 

242. In 1815, the author of this report was called 
on to prepare a project for the defence of an import- 
ant channel ; and having been convinced, while em- 
ployed as an assistant in the construction of two of 
the batteries just mentioned, that the principles, and 
the details, by which the embrasures and the de- 
pendent casemates had thus far been regulated, were 
erroneous and defective, set about a careful study of 
pJSvXr'' the conditions to be fulfilled in providing for the 

for casemate . /* i . • i .1 

gnn. heavy guns of that period, mounted on a casemate 

carriage, that had already been proved and adopted. 

hig%mbra- ^hc rcsult was an embrasure, having an exterior 

*'''®* opening of 4 feet wide by 2' 6" high at the outside 

Fig. DD. 



study of 
conditions 
necessary in 




Plan of 
embrasure. 



line of the cheeks, and 3 feet high at the key of the 
covering arch. The throat being 1' 10" wide. This 
provided for all the depression and elevation of the 
gun, that the carriage permitted ; and also for a hori- 
zontal scope of full 60 degrees. Covered with a 
lintel, instead of an arch, the height of the exterior 
opening might be a little less than 3 feet. 

243. The plan of this embrasure shows that the 
interior opening is 5' 6" wide, and that the plane of 
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the throat is within 2 feet of the outside of the wall, 
which, just at the embrasure, is 5 feet thick. 

244. A slight modification fitted this embrasure, f^^tf^g^"" 
when applied to flanking, or interior defence, to re- ^^^' 
ceive at first a cannonade of large calibre, and of later 
years, a howitzer instead. When these latter were 
liable to be assailed by musketry, the outer cheeks 

were made en cremailUre (notched), a long-known 
device. 

245. It was with timidity and hesitation that the Jfto cheScs 
cheeks and throat of this embrasure were placed so """^ *^'^*'* 
near the track of the ball, when fired from the case- 
mate, with the maximum obliquity, and the results 

of an early trial with experimental embrasures at anpoJlXn- 
Fort Monroe, gave some sanction to the doubt. The '''®' 
first two under trial, were built up with lime mortar, 
and were soon shaken to pieces by the blast of the 
gun. Another one, however, constructed of bricks 
laid in cement-mortar, sustained without injury seve- 
ral hundred discharges.* 

* Lieut. Mansfield, then of the engineers, now Inspector General of the Army, in a 
letter dated early in 1830, at Fort Monroe, says : " 1st. On my arrival at this place, 
** in 1828, there was then standing an experiment embrasure, built wholly of cut free- 
** stone, and of the same size as those here construoted^xoept that the cap was one 
^' stone instead of an arch. Soon after the firing through this embrasure commenced 
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fonflimed. 246. ThesB last results have been confirmed wher- 
ever there has been practice from our embrasures; 
which, with immaterial differences, have since 1815 
been constructed in all our casemated batteries, ac- 
cording to the preceding description. 
8?rength?i 247. This being the state of things with these em- 
ITisuVx' brasures of 1815, an increase in their stfenffth had, 

pedient . . « . . 

withm a bnef period, become expedient, not to say 
necessary, by the augmented calibres in ships' arma- 
ments. 

How to give 248. It was considered that this strength might be 
given, perhaps, in part, by reducing the opening, and 
in part, by incorporating a stronger material in the 
portion where the quantity of masonry was unavoid- 
ably small, from the shape of the embrasure. 

fxterio?''?' 249. The resistance afforded by the existing em- 
brasure to the blast of its own gun, justified the 
expectation that the exterior opening might be re- 
duced nearly to an absolute minimum, and the facility 
with which large masses of iron are now wrought, 
suggested that by its use to a limited extent, not 
only might a greatly augmented strength be secured 
against the effects of a large ball, but small ones 
might be excluded altogether. 

embrwum. 250. Our target embrasures were successively de- 
vised, ftirther and further, to test these ideas. The 

" it feU to pieces, bj the mortar leaving the joints, outside of the plane of the throat, 
" and the stones separating and falling to the ground. 

" 2d. Another embrasure was constmoted (of bricks) in the same place, and of the 
" same size, except as to the cap, which in this case was an arch of bricks onlj, laid 
" in a mixture of equal parts of mort&r and humid cement. This embrasure feU to 
" pieces by the same means and in the same way. 

" 3d. A third embrasure was constructed of bricks, like the second — ^being laid in 
*' cement. This has stood a trial of 270 discharges, and remains uninjured. 

" 4th. In each case there was about the same time allowed for the mortar and 
<< cement to set." 

The same officer, writing in August, 1880, says : " The same embrasure" (the 3d, 
above) ** has had many severe trials again this spring, with a 32 pounder, and it has 
" not been in the least injured by the discharges.'* 



opening. 



Use of iron. 
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trials sustained by them have become a part of the 
history of the American embrasure. And if there be 
any force in the deductions drawn in the preceding 
pages from these trials — the improvements they sug- 
gest as to the materials, dimensions, form, and details, 
are of importance. 

251. The embrasure applied since these experi- oA^g^"® 
ments, to our casemated batteries, and which may be 
called the embrasure of 1855, devised in accordance 

with these deductions, and of which a model received 
your approval, is believed to satisfy completely all 
important conditions. 

252. The greatly augmented strength and efficiency remark^*''* 
thus imparted to our system of national defence, will 

be due to the enlightened and liberal forecast which 
prompted you, as Secretary of War, to sanction and 
sustain the course of experiments of which this re- 
port is the record. 

Respectfully submitted, 

JOS. G. TOTTEN, 
Bt Brig. Gen. and Chief Engineer. 
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PLATE II. 

Scale OP 1" to 4'. 
Plan and exterior elevation of first target. 



PLATE III. 

Scale or 1" to 4'. 
Plan and exterior elevation of second target. 



PLATE IV. 

Scale or 2" to 1'. 

Figs, a and h. Plan and elevation of shatters of 1st target. 

Figs, c, d, e,f,g. Plan, sections, and elevations of shatters of 2d target. 



PLATE V. 



Figs. 5, 6, 7. ) Profiles of praters formed by 42 Pdr. canister shot, weigh- 
Scale of ^. ) ing 1^ lbs. each, in hydraulic concrete. 

See Table No. 2; shots 8, 10. 

Figs. 8, 9, 10, 11.) Profiles of craters formed by 42 Pdr. canister shot, weigh- 
Scale of ^. ) ing 5xV ozs. each, in hydraalic concrete. 

Table No. 3 ; shots 16, 17, 18, 19. 
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Fig. 12. ) Profile of a crater formed by 42 Pdr. grape shot, weigh- 

Scale of ^. J ing 4} lbs. each, in hydraulic concrete. 

Table No. 4; shot 27. 

Figs. 13, 14, 15.7 Profiles of craters of 42 Pdr. grape shot, weighing 4} lbs. 
Scale of J. I each, in common brickwork. 

Table No. 4 ; shots 23, 24, 37. 

Figs. 16, IT. "> Profiles of craters of 42 Pdr. canister shot, weighing 5|V 
Scale of ^. } ozs. each, in common brickwork. 

Table No. 3 ; shot 17. 

Figs. 18, 19. ) Profiles of craters of 42 Pdr. canister shot, weighing 6yV 
Scale of ^, ) o^s. each, in asphaltic concrete. 

Table No. 3 ; shots 16, 18. 

Figs. 20, 21. \ Section and elevation of a crater of a 42 Pdr. canister 
Fall size. ) shot, fired perpendicularly against lead concrete. 

Table No. 3 ; shot 17. 

Figs. 22, 23. \ Section and elevation of a crater of a 42 Pdr. grape shot, 
Full size. ) fired perpendicularly against lead concrete. 

Table No. 4; shot 29. 



Fig. 24. > 

g 1 « I I 42 Pdr. spherical case shot against iron work. 

Table No. 6 ; shots 46, 47. 
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Figs. 25, 26. \ Elevation and section of crater of a 42 Pdr. spherical case 
Scale of i^if. ) shot, fired against asphaltic concrete. 

Table No. 5 ; shot 48. 

Figs. 2T, 28. \ Elevation of crater of a 42 Pdr. solid shot striking left 
Scale of jV* ) outer edge of embrasure of lead concrete. 

Table No. 7; shot 49. 



PLATE VII. 
Figs. 29, 80. > Section and elevation of crater of 42 Pdr. solid shot in 



8. 29, 80. > 
le of j\. ) 



Scale of tV* > hydraulic concrete. 

' TableNo. 7; shotCi. 
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Pigs. 31, 32* } Effects of a 42 Pdr. spherical case shot in hydraulic con- 
Scale of yV- J Crete. 

Table No. 5 ; shot 41. 

Q ,* .' , ' j Effects of two 42 Pdr. solid shots in hydraulic concrete. 

Table No. 7 ; shots 61, 62. 



PLATE VIII. 

Fig. 36. \ Front views of craters of two 42 Pdr. solid shots in 

Scale of ^'ff. ) granite. 

Table No. 7 ; shots 57, 58. 

Fig. 36. ) Side elevation of craters of three 42 Pdr. solid shots in 

Scale of j'ff. ) granite. 

Table No. 7 ; shots 67, 58, 69. 

Figs. 37, 38. } Vertical sections through axes of craters of 42 Pdr. solid 

Scale of yV* ) shot in brick masonry. 

Table No. 7 ; shots 66, 68. 



Fig. 39. \ Horizontal sections through^ the middle of Embrasures 

Scale of Vr- > Nos. I and 2. 



Figs. 40, 41. } Vertical sections through the axes of embrasures Nos. 3 
Scale of j^. ) and 4. 



Pigs. 42, 43. } Vertical sections of craters of 42 Pdr. solid shot in lead 
Scale of 3*ff. ) concrete. 

For Fig. 42, see shot 70 of Table 7 : for Fig. 43, see shot 67 of Table 7. 



PLATE IX. 



Fig. 67. Outside of outer set of plates, as they were set up before the gun. 
Before firing, the heads of all the rivets, except that at a, were 
broken off. 

Fig. 68. Inside of outer set of plates. Heads of rivets whole, except those 
at € and d. 
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Fig. 69. Outside of inner set of plates. Heads of rivets whole, ex( 
broken, and e partly so ; c and d were points where the 
had been struck by shot. 



Fig. to. Inside of inner set of plates. Heads of all the rivets broki 
except those at a and b. 
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